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The Council reported that they had recently transferred to the class of 
Members. 


FREDERICK WILLIAM MartTHEws. 
Horace Denton Morean, M.Sc.(Eng.) 
(Lond.). 


Wiurem Dinsry Caaprman, M.C.E. 
(Helb.). 

:; And had admitted as 

‘ Students. 


-MicuArn ARNOLD BERRELL BALcon. 
_JosepH Harry BARNETT. 
Harotp Witmor Barras, JUN. 

| StantEy Epwarp BraucHampe Brown. 
Dennis LEONARD CARDEN. 

’ Dovaias Hornspy CaRRACK. 

| ArrHuR DonaLp CHAMBERLAIN. 
ANTHONY JoHN MicHAEL CLARK. 
RoGgEerR Henry CLARK. 

| Hurpert Norman CLARKE. 
Gorpon CLirrorD CorTRILL. 
Dantet Patrick Cove, B.E. (National). 
JoHN MAXwELL CORBETT. 

| Bast HaRoup CRITTEN. 
Grorcr Ciirrorp James Darron, B.E., 

B.Sc. (New Zealand). 

Joun Drxon. 

| Perzer Brian Dyson. 

-Joun DawBaRn Firzsonn. 

| Bast Henry SToakEs GENDERS. 

Re D Mary Git. 

_ JoHN WHITEHEAD HALL. 


IsaBEL Mary HAsELDINeE. 

Dayip ALEXANDER HARRIES. 

Derrick NicHois Harrison. 

Tuomas HawkEs. 

DEREK OrnAM HOWELL. 

Kennetu Ernest Grorce Huck1e. 

TREVOR Bassett JEPSON. 

Pamip CiivE KirMister. 

ALFRED CrciL KIRBy. 

Hues Jonn McDevitt. 

James MoNap, Jun., B.Se. 

Grorar DonaLtp LARGE. 

Deric James MoManvs. 

Reaa@re MmiBurn. 

Water RaymMonD MoRLE. 

Tan ALEXANDER Morton, B.Sc. (Birming- 

ham). - 

Tomas JosEpH MOSELEY. 

Martin George Paterson. 

Howarp AntHony RowLAnDs. 

LEONARD CRANMER SAVAGE. 
- LIONEL SCHLESINGER. 
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GrorceE [AIn SHOWELL. 

Frep WILLIAM SINGLETON. 
WILu1AM SPILMAN. 

THOMAS SUTTAR. 

Maurice Lawson Taytor. 
ReermnaLp Tuomas, B.Sc. (Wales). 
Wituiam Gwyn THOMAS. 


The Scrutineers reported that the following had been duly elected as 


Member. 
Major-General CHARLES JOHN StuaRT Kine, C.B.E. 


Associate Members. 


RaymMonp LANGFORD AKERS, B.Sc. 
(Birmingham). 

ARTHUR BEDLINGTON BALDWIN, M.Eng. 
(Liverpool), Stud. Inst. C.E. 

KennetH CHARLES BALLANTINE, B,So. 
(Eng.) (Lond.). 

Henry ARCHIBALD CoLzs, B.So. (Bir- 
mingham), Stud. Inst. C.E. 

Ferxtx Dr Bass, B.Eng. (Liverpool). 

Joun Finnican, Stud Inst. C.E. 

Denys AntHony Fox, B.Sc. (Eng.) 
(Lond.), Stud. Inst. O.E. 


Gustavo Donatpo Harpman, B.Sc. 
(Eng.) (Lond.), Stud. Inst. C.E. 
Tom Brian Hit, Stud, Inst. C.E. 
’ James Wuitenaw MoMian, B.Sc. 
(Glas.), Stud. Inst. C.E. 
CHaRLES BrrtraAM MARSHALL, B.Sc. 


(Manchester), Stud. Inst. C.E. 


ELECTIONS. 


PETER JAMES TYRRELL. 
FREDERICK RATHMELL VARLEY. 
JoHN CyPRIAN PHIPPS WILLIAMS. 
GEOFFREY WILSON. 

JoHN OLAV WILLIAMS. 

RonautpD BERRY WILSON. 

Rasa Zana, B.A. (Caniab.). 


Duncan MILuikeEN, B.Sc. (Wales), Stud 
Inst. C.E. 

Rosert PowELt Mumrorp, B.A.I.(Dub- — 
lin), Stud. Inst. C.E. 7 

Frank Brernarp Pickus, B.Sc. (Leeds), 
Stud. Inst. C.E. j 

ALBERT JAMES RILEY, B.Sc. Tech. (Man- 
chester), Stud. Inst. C.E. of 

Srantey ALFRED SEARS, B.Sc. (Eng.) — 
Lond 


(Lond.). 
Joun Mayne Swern, B.Sc. (Bristol), 
Stud. Inst. C.E. 
Norman THROSSELL, Stud. Inst. C.E. 
CuTHBERT NOEL WaRD, Stud. Inst. C.E. 
James ALLAN Warts, M.Eng. (Liverpool), 
Stud. Inst. C.E. 
VLADIMIR, WEBER B.Sc. (Eng.) (Lond.). 
HERBERT ALFoRD Witmorrt, B.Sc. (Bris- 
tol), Stud. Inst. C.E. 


ANNUAL GENERAL MEETING. 
27 May, 1941. 


Sir LEOPOLD HALLIDAY SAVILE, K.C.B., President, 
in the Chair. 


The President, presenting the Report of the Council for 1940-41, as_ 
published in the April 1941 number of the Institution Journal, recalled 
that at the last Annual General Meeting, with the consent of the Council 
it was agreed, for the first time, that the Report, which had been published 
in the June 1940 number of the Journal, should be taken as read, and that 
Sir Clement Hindley should give a brief summary of it. That arrangement 
was generally approved by the members, and it was proposed to repeat 
the procedure. As a consequence, the issue of the April 1941 number of 
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the journal had been delayed, in order that it should include the Report — 
and Accounts for the year. 

In that connexion, he was sure that the members would regret to learn 
that the London works of Messrs. Clowes had been damaged by enemy 
action; but they had been able to produce the Journal elsewhere. He 
thought it would be the general desire that the Secretary should be asked 
to express sympathy with Messrs. Clowes in the great loss which they had 
sustained, in view of the fact that they had been The Institution’s 
printers for the “‘ Minutes of Proceedings ” and the “ Journal’ for more 
than one hundred years. 

In the opinion of the Council, the publication of the Journal was more 
than ever an essential feature of the activities of The Institution. Diffi- 
culties caused by paper restrictions and censorship had inevitably reduced 
the dimensions of the Journal, although it was expected that the number 
‘of pages issued would be about the same as for last year. Several interest- 
ing Papers had been presented, although the number had been smaller, and 
for one of them—a rather exceptional Paper on “ The Aesthetics of 
Engineering Structures ’—the Baker Gold Medal had been awarded to Dr. 
Oscar Faber, O.B.E., M. Inst. C.E. 

Whilst there was at present no shortage of Original Communications 
in hand, the Council invited members to submit Papers for publication. 
Those might broadly be divided into two categories, namely, Papers of 
not more than 10,000 words, intended to lead to a discussion, and shorter 
Papers, of 2,000 to 5,000 words, for printing with or without written 
discussion, Examples of the latter were provided by two short Papers 
published in the April number of the Journal, which dealt with repairs 
carried out following damage by enemy action. Such Papers, particularly 
‘if of topical interest, had much to commend them, and could be accepted 
for publication, provided the censorship requirements were fulfilled. The 
Council had been gratified at the number of entries submitted for the 
“ Ingenuity ’’ Competition, which considerably exceeded the number 
zeceived in a former competition. It was anticipated that some of those 
entries might eventually appear in the Journal. 

Various steps which The Institution had taken since the outbreak of war 
to ensure that, so far as practicable, Members and Students who joined 
the fighting services should do so in units wherein their technical qualifica- 
tions would be best utilized, had yielded very satisfactory results. The 
records of The Institution showed that 70 Members, 753 Associate Mem- 
‘pers, 6 Associates, and 1,194 Students were serving with His Majesty’s 
armed forces, and that 85 per cent. of them were serving in their technical 
‘capacity. Of the 1,705 corporate members and Students serving in the 
Army, 819 held commissions in the Royal Engineers, whilst 284 were 
serving in the ranks of that Corps, giving a percentage of 64:6, which, he 
thought, was a very fine record, : 
Since the commencement of hostilities, 4,000 inquiries had been 
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‘answered by post, and many other inquiries had been made by individua 
callers, regarding the liability of members and Students of The Institutior 
for military and other national service. It was satisfactory to find that 
many young engineers had turned to The Institution for information and 
guidance in that connexion, and had been assisted in employing their 
abilities to the best advantage in the national war effort. Letters of 
appreciation of the services which The Institution had willingly under- 
taken had been received not only from members and Students and from” 
Student Engineering Societies, but also from the War Office and the Air 
Ministry, whose recruitment for technical Services had thereby been 
greatly facilitated. 
Reference was made in the Report to the opportunities which had been — 
given to young engineers to complete their technical studies and to sit 
for their professional examinations. Firstly, Students of The Institution 
between 18 and 20 years of age, certified by the Secretary as being student 
engineering learners, and as receiving tuition for Sections A and B of the 
Associate Membership Examination, could have their calling-up postponed 
for a period of not more than 2 years, to enable them to sit for that 
examination. Secondly, there was the establishment of vocational 
instruction, under the direction of the War Office, for men serving in His — 
Majesty’s forces who were eligible to sit for The Institution examinations. _ 
It was hoped that by those two arrangements many young men would be — 
enabled to take the Institution examinations either before or during their — 
war service, and so avoid the difficulties experienced after the last war, 
when many students returned to civil life, having broken their theoretical 
studies, and found it almost impossible to renew them on regaining civil _ 
employment. In that connexion, it might be interesting to quote the — 


following extract from the King’s Engineer, the Journal of the Engineering 
Society of King’s College :— 


On the outbreak of the war, The Institution of Civil Engineers at | 
once commenced its policy of helping its Student Members, acting in — 
full co-operation with the War Office. A meeting was held at Christ- 
mas, when the President personally advised Student Members. This 
careful and very useful advice was greatly appreciated by many 
students, who at once applied for Student Membership. . 

From the preceding paragraph it will be seen how The Institution 

-of Civil Engineers can help its members in peace as well as in war. 


The President referred to in that quotation was Sir Clement Hindley, and 
it spoke well for what The Institution had done that that Society should 
have written such an appreciative notice. 

In the matter of engineering education, it was perhaps necessary to 
give a warning to Students. A tendency had arisen in recent years for 
Students of The Institution to defer sitting for the examinations until a 
later age, with the result that as a young engineer’s responsibilities in- 
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creased he might have fewer opportunities of completing his studies, and 
consequently obtaining his qualifications as a professional man. The 
possession of the qualifications which were implied by Associate Member- 
“ship of The Institution would assume greater importance as the call for 


_ fully-qualified persons increased, as it must do; and both Students of 


7 


“ 


The Institution and the members under whom they were serving were 
urged to bear that in mind. Since the qualifymg age was 25 years, 
' Students should, so far as possible, try. to complete their examinations 
_ by that age. 

Members would, he was sure, be interested to learn of another action 
_ which had been taken by the Council for the advancement of engineering 
‘education, namely the establishment of a Lectureship at Cambridge 
University in Engineering Economics, Management, and Aesthetics. It 


was now possible to say that the authorities at Cambridge University had 
_ cordially welcomed the proposal, which had been accepted in principle by 
~ the Council of the Senate, and he had received the following letter from 
the Vice-Chancellor :— 


AD ete AA eg es SD 
ME era es 


Dear Sir Leopold, 

The Council of the Senate have asked me to convey to you their 
grateful thanks for the generous offer which the Council of The 
Institution of Civil Engineers have made to the University, and which 
you communicated to us in your letter of February 6th. The Council 
intend to submit a Grace for the acceptance of the offer at the Con- 
gregation of the Regent House on June 6th. As was arranged when 
you and Sir Clement Hindley recently met our Committee to discuss 
the details of the offer, we hope to take the initial steps to give it effect 
next Michaelmas term. I should like to add that the offer has been 

‘very much appreciated here, and we believe that it will yield valuable 
results in the education of engineers. 
Yours sincerely, 
E. A. BENIANS, 
Vice-Chancellor. 


The full adoption of the proposal would necessitate some changes in 
the existing curriculum, which would be impossible in wartime ; but it 


Zz was proposed to initiate, at the beginning of next term, lectures by eminent 
~ engineers and others on subjects coming within the terms of the proposal. 


He felt that the scheme constituted a great move forward on lines which 
the Council had felt for some time had been very grievously lacking in the 


- ordinary education of engineers. 


Reference had been made in the Report to the appointment by the 
Council of a Committee to consider and report upon post-war national 
development. That Committee was not only studying the possible 
program of engineering works to be undertaken on the conclusion of 
hostilities, but was also examining the means by which legislative pro- 
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cedure might be expedited, so that such works might be quickly put in . 
operation. It was the Committee’s purpose to convince those in authority 
that preliminary steps should be taken towards the preparation of scheme 
—steps which, it might be added, could be undertaken at small cost, but 
which would add very materially to the rapidity with which the actua: 
work could be started after the war. The preparation of such schemes 
would have to include not only the preparation of plans and designs bu 
also all other necessary action towards the invitation of tenders. 

There was one committee, which had now been absorbed by the Re- 
search Committee, about which he would like to say a word, namely, the 
Sea-Action Committee. That committee might really be regarded as the 
father of Research Committees, because it was the only committee a | 
the time which undertook research work. The original intention of th 
committee had been almost completed, and its final report made, and it 
had now become one of the Research Committees. He wished to refer t 
it on the present occasion, however, because of the very good work which 
had been done ; and in particular he would like to refer to its Chairman, _ 
Mr. Maurice Wilson, who had occupied the chair for nearly twenty years, — 
from 1921 to 1940. It was very largely as a result of Mr. Wilson’s work _ 
that the committee had been so successful and had obtained such valuable 
results. 

Reference should also be made to a matter of considerable importance, 
which found no mention in the Annual Report, namely, the appointment, _ 
in April 1941, of a committee composed of engineers, under the chairman-_ 
ship of Lord Hankey, to advise the Government on engineering questio 
connected with the war effort. The formation of that committee, which 
was complementary to the Scientific Advisory Committee under the sam 
chairmanship, arose as a result of representations which were made to the 
Prime Minister early in the year by a number of engineering institutions 
which were members of the Engineering Joint Council, to the effect that | 
the engineering industry was not giving such full assistance in the war 
effort as would be possible if its resources were better co-ordinated within 
both the industry and the scientific Government departments. The 
setting up of this Engineering Advisory Committee would give cause for 
_ the greatest satisfaction to engineers, and, whilst it had to be regarded, in 

the first instance at all events, as a war measure, it was hoped that it 
might bring about a closer recognition on the part of the Government of 
the great part which engineering played, not only in wartime, but also in 
the reconstruction which must necessarily follow the cessation of hostilities. 

He could not conclude without referring to a matter mentioned in the 
earlier part of the Report—the work which had been done by the Secretary 
of The Institution and by his staff. They had, as members were aware, 
worked under very difficult conditions, and the staff had been considerably 
depleted ; yet they had carried out all the essential requirements of The 
Institution during the past year, and he was sure that the Meeting would 
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wish to convey to Mr. Graham Clark and his staff its appreciation of all 
_that they had done. The Institution was very fortunate in still being 
able to meet in its building, which had suffered no material damage ; 
_ but arrangements had been made so that if, unfortunately, it should suffer 
_ war damage, the essential business of The Institution could be carried on 
_ elsewhere. 

Before putting the motion, he invited questions and discussion on the 
- Report. 

: Mr. Robert Chalmers suggested that, in addition to reviewing the 
_ events of the past year, the Council should give some indication of what 
they had in mind for the future, so that greater opportunities would be 
available for the ordinary member to contribute something useful towards 
_ increasing the prosperity of The Institution. For instance, with regard to 
_ the proposal to introduce into the education of the engineer some mstruc- 
_ tion in economics, organization, and aesthetics, he had come across a copy 
of a letter which he wrote 15 years ago to a friend who was inquiring about 
_ engineering as a career for a boy in whom he was interested. In that letter 
_ Mr. Chalmers had given warning that if the boy chose civil engineering he 
- would receive no help whatever in his education towards appreciating 
_ the economic factors of his work. He felt that had the procedure of The 
~ Institution afforded opportunities for the purpose, he would long ago have 
_ found many members of like mind with himself and the Council might 
_ have been stimulated into taking some action at a much earlier date. 
_ He inquired why Cambridge University had been selected, and whether 
_ it was to be understood that there would be only one course of instruction 
_ for engineering students for the next 5 years. Further, he asked why 
_ should the efforts of young engineers to contribute to post-war develop- 
ment have to wait for several years for economic instruction until a trickle 
_ of recruits began from among boys now still at school? Had the Council 
_ considered also the possibility of doing something for the many young 
men approaching Associate Membership, or who were already Associate 
Members, and who in their post-war efforts would benefit by such in- 
struction ? 

With regard to the Engineering Joint Council, he believed that it was 
possible to search the Reports of the Council for many years past without 
finding any evidence that it had ever done anything useful. He suggested 

that consideration should be given to the abolition of the Joint Council— 
unless, of course, information was available to show that it had performed 
something useful. Likewise there was no information to show that the 
Public Relations Committee had carried out any work during the past year. 

The Report stated that The Institution had dealt with inquiries for 
the selection of members for specialized work in connexion with national 
service. Although he had been officially informed a few months ago that 
the Council was closely associated with the Central Register, it was stated 

in the Report that they now advised the Central Register but accepted no 
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responsibility for the results. That aroused suspicion that all was not 

well with the Register. Few subjects were more important to engineers 
than the efficiency of the machinery for ensuring that the-best use wa 
made of their services in the national effort. S| 

Mr. Chalmers then said that, in his opinion, the hour fixed for the 
Annual Meeting was too early. 

Mr. J. M. B. Stuart asked whether he would be in order in referring to 
the constitution of the Council. q 

The President said that, in his view, that would not be in order. 

Mr, Stuart asked on what occasion he could bring up the subject. 

The Secretary replied that a Special General Meeting would have to be 
called. At the Annual General Meeting only matters arising in connexion 
with the Report of the Council could be discussed. 

The President, replying to Mr. Chalmers, said that the Central 
Register was beyond the control of The Institution ; it was a Government 
matter, and he did not think that The Institution would be in order in 
trying to reconstitute or reorganize it. 

The Public Relations Committee still existed, but was in abeyance, 
and would presumably remain so for the period of the war. 

The Engineering Joint Council did useful work and held useful dis- 
cussions. It had arranged for a common entrance examination for the 
various engineering Institutions. Moreover, it was as a result of repre- 
sentations made at the Joint Council that the Presidents of the constituent 
Institutions had sent to the Prime Minister the letter which had led to the 
appointment of the Engineering Committee under Lord Hankey—a 
Committee which should place engineers in a much better position in the 
future, and which should act as a link between the Research Committee, 
also under Lord Hankey, and the Government departments, so that the 
work of the Research Committee would be implemented better and more 
quickly than before. 1 

With regard to the proposed Lectureship at Cambridge, the Council 
had considered the matter very carefully ; it was obvious that, if a start 
were to be made, it had to be made somewhere. The intimate connexion 
of The Institution with Cambridge, and the position of the President-_ 
Elect, Professor Inglis, in that University, were possibly reasons for the 
selection of Cambridge in the first place. As Mr. Chalmers would recognize, 
this was “a new line of country” for The Institution, and if an attempt 
were made to start off in a number of places at once it might kill the 
project. It was a matter of educating engineers, and those who trained - 
engineers, as to the necessity and advantage of having those three subjects _ 
—Engineering Economics, Management, and Aesthetics—in the curriculum; 
the Council were appointing a special committee to deal with the matter 
in connexion not only with Cambridge but also with other Universities, 
and it was hoped in that way to enlarge the scope of the proposal. No 
doubt that committee would consider the possibility of arranging lectures 
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for Associate Members and Members also, so that they too might have the 
advantage of training in those subjects. 

The President then moved that the Annual Report be received and 
_ approved. 
Professor C. E. Inglis seconded the motion. 

The motion was agreed to by the members present. 

The Scrutineers reported the election of the Council for 1941-1942, as 
~ follows : 1— 


E President. 
__ Professor CHARLES EDWARD INGLIS, 0.B.E., M.A., LL.D., F.B.S. 


: Vice-Presidents. 
“Sir John Edward Thornycrott, 


K.B.E. 


David Anderson, LL.D., B.Sc. 


Francis Ernest Wentworth-Sheilds, 
O.B.E. 
Thomas Peirson Frank. 


Other Members of Council. 


a Asa Binns. 


Walter Miller Campbell 


(South 


_ Africa). - 
~ Raymond Carpmael, 0.B.E. 


Richard John Durley, 


Sir Harold Nugent Colam, B.A. 


(India). 
Frederick Charles Cook, C.B., 
D.S8.0., M.C. 
Professor Gilbert Cook, D.Sc., 
F.R.S. 
Henry Francis Cronin, M.C., B.Sc. 


M.B.E., 
B.Sc., Ma.E. (Canada). 


| Ralph Freeman. 
William Henry Glanville, D.Sc., 


Ph.D. 


4 Harold John Frederick Gourley, 


M.Eng. 


~ William Thomson Halcrew. 
Roger Gaskell Hetherington, C.B., 


_ given to the Scrutineers, 
_~_‘Mr. P. Holt seconded the resolution, 


; 
+ 


o 


O.B.E., M.A. 


Ralph Frederick Hindmarsh. 
Drummond Holderness (New Zea- 


land). 

Cecil Lee Howard Humphreys, 
0.B.E., T.D. 
Robert John Mathison Inglis, 
T). 


Gerald Lacey, B.Sc. (India). 

William Henry Morgan, D.S.O. 

Sir Standen Leonard Pearce,C.B.E., 
D.Sc. 

Allan Stephen Quartermaine, M.C., 
B.Sc. 

Joseph Newell Reeson (Australia). 

Vernon Alec Murray Robertson, 
M.C. 

Reginald Edward Stradling, C.B., 
M.C., D.Sc., Ph.D. ; 

Alec George Vaughan-Lee. 

Herbert Cecil Whitehead.. 


“Mr. J. D. C. Couper proposed—That the thanks of the Meeting be 


and that the ballot papers be destroyed. 


which was carried unanimously. 


1 The Council commence their term of office on the first Tuesday in November, 
1941. = ; 
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appreciation of the vote of thanks, but considered that it was not so much 
deserved, perhaps, as in former years, because the number of ballot- 
papers returned had been very considerably smaller than usual. 

He was sure that the Meeting would appreciate the action of the — 
Secretary in saving 7,373 envelopes and £30 14s. 5d. in penny stamps by — 
enclosing the ballot-papers with the Journal, and also in riding roughshod © 
over the letter of the By-laws in order to save the same number of envelopes 
for the return of the papers. 

Colonel Davidson proposed—That Mr. J. D. C. Couper, O.B.E., M.A., 
M. Inst. C.E., be appointed Honorary Auditor for the current financial 
year, and that Sir Alan Rae Smith, O.B.E., be reappointed professional 
Auditor. 

Mr. F. R. Bullen seconded the resolution, which was carried unani- 
mously. 


The following Awards made by the Council for Papers read and dis- 
cussed during Session 1940-41 were announced :— ; 


The Baker Gold Medal to :— 


Oscar Faber, 0.B.E., D.Sc., M. Inst. C.E., for his Paper “ Aesthetics of | 
Engineering Structures.” 


A Telford Premium to :— 


A. J. H. Clayton, B.Sc. (Eng.), Assoc. M. Inst. C.E., for his Paper, 
“ Road Traffic Calculations.” 


The special thanks of The Institution to Mr. A. G. Vaughan-Lee for his _ 
Paper, ‘‘ The Mohammad Aly Barrages, Egypt”, and to Mr. H. C. White- 
head for his Paper, “ The Design of Sewage Purification Works *, who 
were ineligible, as Members of Council, to receive Awards, 


Mr. 8. B. Donkin, Past-President, proposed—That the thanks of this 
Meeting be accorded to Sir Leopold Savile, President, for his conduct of 
the business as Chairman of the Meeting. | 

. Sir Leonard Pearce seconded the motion, which was carried with — 
acclamation. 

The President briefly acknowledged the resolution. 


The proceedings then closed. 
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Paper No. 5253. 


“ Colonial Railways 1929-1938: An Economic Review.” 
By Joun Wyarr Spiuuer, C.M.G., M. Insvr. C.F. 
(Ordered by the Council to be published in abstract form.) 


THE DECADE PRIOR TO 1929. 


_ Tue war of 1914-1918, with its vast expenditure of life and treasure, its 
- modifications of national boundaries, and its creation of new States, 
_ produced in Europe and, indeed, in the whole world, very complex problems 
_ affecting finance, industry, commercial intercourse between nations, etc. 
The war was followed by a brief boom in trade and production due to the 
_ deferred requirements of peace-time industries, but this collapsed in 1921. 
Most of the countries in Europe were faced with.a heavy burden of 
debt and, with the reduction in foreign trading, found it impossible to 
- maintain a balance of trade sufficient to cover debt services, with the result 
_ that the currencies of many countries depreciated to a marked extent. 
By 1924 the United States of America was the only important state in 
_ the world with its currency on a gold basis standard. Subsequently the 
gold standard was restored in a number of countries, and by 1929 twenty- 
five of the most important commercial states were using currencies con- 
nected with the gold standard, and therefore with each other. During 
the later years of the 1920-1929 decade world industrial production in- 
creased in spite of the financial and economic troubles in Europe, and 
reached a maximum value in 1929. Wholesale prices fell, but not to the 
same extent, and not only did the quantum of world trade increase but 
also its value. By 1929 the volume of production of wealth per head of 
the world’s population had attained higher values than any previously 
recorded, with a corresponding improvement in the standard of living. 
Increased industrial activity required larger quantities of raw materials, 
with consequent expansion of trade in those countries which produced 
them. In some commodities the increase was considerable, as is ues 
in the Table on p. 426. 

* The colonies benefited from this expansion in the production of raw 
materials, and between the years 1919 and 1929 railway extensions in the 
British Colonies, Protectorates, and mandated territories amounted to an 

aggregate of 2,100 miles. Not only was a greater mileage of railways 
constructed than in any other 10-year period, but also there was an even 
greater increase in revenue. 


2 A limited number of copies of the full Paper are available.—Sxc. Inst. C.E. 
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InpDEXES OF WorRLD Propuction (1920 = 100). 


1921. 1925. 1929. 
Al um 59 143 214 
Copier 57 146 204 
Lead 83 140 160 
Tin 76 121 156 
ZiNG 4. a Te ec ee es 61 162 207 
Cane sugar 4) 3 FSi ss eee eee 113 142 151 
Cocoa ot head iv tad Nad ctiaeare a Mee names 105 138 144 
Coffee hogs pspesig Att eee eee 109 110 159 
Rubber . . Se eee a een 86 170 254 
Tea (excluding China) aS ee See 87 117 139 
* 


1929-1938: WorLD TRADE AND THE SLUMP. 


The 10-year period from 1929 to 1938 included the most difficult — 
operating years in the history of railways. World trade and industry, 
which had been increasing for several years, reached a peak level in 1929 ; 
but this was followed by several years of acute industrial depression. 
The subsequent recovery extended until 1937, and was followed by a 
recession in 1938. The period from 1929 to 1937 appears to include a 
complete trade-cycle, the volume of world trade and industry being _ 
approximately equal in those two years, ‘with considerably reduced _ 
activity between them. The year 1929 is, therefore, a suitable datum 
year for reviewing the economic factors which affected railway prosperity | 
during the decade. In the years following 1929 railway revenues fell to 
an alarming extent, and it was not until towards the end of the decade 
that colonial railways recovered a condition of prosperity equal to or 
approaching that of 1929. 

The decline in world industry affected debtor countries particularly, 
who found it difficult, with a reduced volume of trade and lower price- 
levels, to maintain a balance of trade sufficient to pay their loan liabilities, 
and a financial crisis resulted. Banking difficulties arose in Continental 
countries and in America and a number of the more important states were 
forced to devalue their currencies. The reduction in the volume of world 
trade was accompanied by a pronounced fall in the price-level, with the 
result that the value of world trade fell to a much greater extent than the - 
volume. The world depression reached its maximum intensity in 1932-33, 
when world trade had fallen in volume to three- -quarters and in sterling 
value to but little more than one-half the level in 1929. The difference — 
between the reduction in the volume and the reduction in the sterling value 
is a measure of the fall in the price level. 

Financial difficulties due to internal and external iudebindaee the 
disorganization of international exchanges, and currency depreciation in 
many countries were features of the 1929-1938 decade. So many countries 
imposed exchange restrictions, with high tariff walls, that a condition of 


¢ 


ey 
| 7 
i 
’ 
acd 
. 
oe 
4 
5 
> 
* 


Ja 


SPILLER ON COLONIAL RAILWAYS 1929-1938. 427 


economic warfare arose which could only result in a reduction of trade. 


Moreover, the fall in prices reduced the wealth of all nations. 


Commopiry REGULATION. 


The increase in the volume of world trade between 1924 and 1929 was 
accompanied by a fall in world prices, which fell each year from 1924 to 
1933 before reacting, but the index level in 1937 was only two-thirds of 


the level in 1924. While the price level was falling stocks of primary 
- commodities—foodstufis and raw materials—were increasing ; they rose 


continuously from 1925 to 1932 and then fell each year until 1937, when 
they were still above the 1925 level. This increase in stocks was evidence 


_ of over-production, as industry was unable to absorb all the materials 


produced. Even in the boom years before 1930 it was not possible to 


absorb the great increase in the world production of commodities which 
had occurred between 1920 and 1929, and when the demand decreased it 
- was clear that commodity restriction was necessary. 


A scheme for the restriction of rubber had been introduced in 1922, 
but its long-term results favoured the Dutch colonies at the expense of 


the British colonies, as the Dutch would not agree to restriction and were 


able to market all the rubber they produced at remunerative prices. This 


~ encouraged increased production in the Dutch East Indies-‘and the scheme 

was brought to an end in 1928. A second restriction scheme was agreed 
to in 1934, in which the Dutch co-operated, but the Dutch colonies were 
_ now reaping the benefits resulting from the extensive planting carried out 


during the operation of the earlier restriction scheme, which applied only 
to British territories. What the Dutch colonies gained the British Empire 
lost. In 1921, 75 per cent. of the world’s rubber requirements was obtained 


_ from the British Empire, but in 1929 the percentage had fallen to 62 per 
~cent., and in 1938 it was only 47 per cent. In 1937 the Netherlands East 


Indies produced 70 per cent. more rubber than in 1929, whereas production 


in the British Empire was equal in the two years. Nearly a half of the 


world’s requirements of tin is produced in the British Empire, and in 1931 


the Governments of four countries which together produced more than 


90 per cent. of world tin supplies agreed to regulate the production of tin 
to approved quotas of accepted standard tonnages. Commodity restric- 


tion was necessary for a number of other raw materials, and by 1935 


national ot international schemes were in force for controlling the produc- 


- tion of sugar, tea, rubber, tin, coffee, copper nitrates, potash, wheat, oil, 


cotton jute, etc.. The revenues of colonial railways were affected adversely 


__ by the lower production of several of these commodities. 


Commoprities : PRopUCTION AND PRICES. 


Although the value of foreign trade in the colonies fell as the value of 
world trade fell, this was due more to lower prices than to reduced pro- 
duction. Indexes showing the world production of a number of tropical 


i 
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commodities in the years 1929, 1932, and 1937 are tabulated below ; 1929 
and 1937 were peak years, whilst in 1932 industrial production was at its 
lowest level. 


1932 1987 

109 137 
Coffee . 103 106 
Tea 99 100 
Copra 83 118 
Cotton, ginned 91 145 

» seed 91 146 

Ground nuts P 119 142 
Palm and palm kernel oil. 114 173 
Sisal fibrev"., <a ae, 111 128 
Rubber ae 82 131 
Tinie. 52 110 


All of these commodities are important factors in the economy of one 
or more colonies, and it will be seen that, with the exception of tea, world 
production was higher—and in some cases substantially higher—in 1937 © 
than in 1929. Moreover, with respect to some of the commodities, more — 
was produced in 1932—when world industrial production was at its lowest 
level—than in 1929. 

Whilst the volume of production was rising, the value was falling. The 
average level of the Times index of material prices (exclusive of food) 
during the period 1930 to 1938 was 30 per cent. below the average level 
of the index during the nine years 1921 to 1929. It was the fall in the 
price-level more than a reduction in demand, which impoverished so many 
colonies during the years of depression. When the value of exports falls 
the value of imports also falls, since they are paid for by exports, and a 
reduction in commodity values will, therefore, exercise a double effect 
in reducing the value of the foreign trade of a country. In the colonies 
railway revenues did not fall to such low levels as foreign trade, which is 
affected by changes in both volume and value, whereas goods receipts are 
not affected to a marked extent by changes in value. The reduction in 
the value of foreign trade. exercises its maximum effect upon railway 
revenues by reducing the amount of imports—the traffic paying the higher 
rates—and by diminishing the amount of money in circulation and thus 
reducing the spending power of the people. When, after 1932, the value 
of colonial foreign trade increased, railway revenues in 1 most colonies 
increased also, 


Roap Transport ComPETITION. 


Freight on colonial railways is divided for rating purposes into different 
classes, commodities of high value paying higher freight rates than com- 
modities of low value. Between the upper and lower limits the rate tariff 
is graduated to correspond as closely as possible with what each kind of 
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traffic can economically be charged. With traffic passing at various rates 

road transport is able to take the higher-rated traffic only and leave the 
lower-rated traffic to the railways. Road transport carries only a small 
_percentage of the traffic moved, but the small percentage of traffic which 
the railways have lost did contribute a large percentage to the gross 
revenue. 

The average rate charged by colonial railways is well below the average 
toad transport rate, but when a colony is dependent for its prosperity 
upon the export of products of low value it is not possible to raise the lower 
rates to compensate for traffic lost in the higher rates, and the principle of 
tate classification must be preserved. Although colonial railways still 
provide the bulk of the transport services needed, their prosperity has been 
endangered by road competition, and it is suggested that the number of 
- competitive road services should be limited by means of licensing, 


Ramway WorkKING Resutts, 1929-1938, 


_ An analysis of the working results between 1929 and 1938 of the rail- 
| ways in Nigeria, the Gold Coast, Kenya and Uganda, Tanganyika, Ceylon, 
and Malaya show widely differing results with respect to the extent of 
their recovery from the slump, 

In Nigeria recovery was complete, as 1937 yielded better results than 
1929. In 1937 the number of passengers carried was 91 per cent. greater 
and the paying ton-mileage of goods was 28 per cent. greater than in 1929. 
‘In spite of this increase in the volume of traffic, working expenditure was 
1percent.lower. Although the third-class passenger fare had been reduced 
from 4d, to 4d. per mile, and the average rate paid per ton-mile for goods 
traffic from 2-02d. to 1:71d., both gross and net receipts were higher in 
1937 than in 1929, The-average net receipts in 1936, 1937, and 1938 
were sufficient to pay interest charges and permit an adequate contribution. 

to the renewals fund. 

In the Gold Coast recovery was not quite so pronounced as in Nigeria, 
but this was due mainly to lower rates and fares, as working expenditure 
was reduced in spite of an increase in passenger and goods traffic. During 
"the 10 years 1929 to 1938 the net receipts were only slightly lower than 
the sum required to pay interest charges and to provide for renewals, 
In Kenya, working expenditure between 1929 and 1938 was reduced 
by 4 per cent, although public goods ton-mileage increased by 66 per cent. 
Gross receipts advanced by 25 per cent., in spite of a reduction of 25 per 
cent. in the average goods rate per ton-mile. Since 1932 the net receipts 
have always exceeded the amount required for interest charges and renewals 
_ provision. 

In Tanganyika the railway’s gross receipts in 1937 were 98 per cent. 
- of their value in 1929. The tonnage of domestically-produced commodities 
carried by the railway increased by more than 50 per cent. between 1929 
and 1937, and the reduction in revenue was due mainly to loss of traffic to 
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and from the Belgian Congo, which was diverted to the West coast af 
the completion of the Benguela railway. Although the reduction = 
revenue on this account amounted to nearly £250,000, the net receipts in 1 
the four years 1935 to 1938 were nearly sufficient to pay interest charges : 
and to provide for renewals. 

The foreign trade of Ceylon has recovered to a smaller extent from t ne : 
1930-1933 depression than that of the territories referred to above. Further, . 
the railway has to contend with severe road transport competition ; good | 
roads, a comparatively short length of haul, export commodities that can } 
afford road rates and, in many cases, shorter distances by road than by ’ 
rail all help to make the Ceylon railway peculiarly susceptible to road | 
competition. As the result of these adverse circumstances, coaching, , 
goods, and gross receipts in 1938 were less than one-half the 1929 values. . 
In recent years the gross receipts have been insufficient to pay for wvorkiiie . 
expenses. i 

In Malaya the decline in railway revenue during the world depression | 
was relatively greater than on the other railways dealt with in the review, | 
and although subsequent years have shown substantial recovery, the gross _ 
receipts in 1937 were less than three-quarters of their value in 1929. The 
net revenue in recent years has been insufficient to cover working expendi 
ture and to make adequate provision for renewals. 


THe Comine DECADE. P 


The tables on pages 426 and 428 show the great increase which has 
taken place since 1919 in the production of tropical commodities, and it 
is suggested that a similar increase will occur in the future. In order to 
meet the enlarged demand for colonial products, 2,100 miles of new rail 
ways were built in the colonies during the 1920-1929 decade, but ther 
have been no railway extensions since 1933. In order that British Colonies 
may enjoy their share of the expansion in world requirements of ra¥ 
materials which it is believed will follow the termination of the present 
war, it will be necessary to develop and equip existing lines—and harbours” 
—to deal with the additional traffic. Further, if the areas served by exist- 
ing lines are inadequate to produce the British Empire’s share of the 
additional commodities required, new areas should be opened up, and new 
railways built to serve them. Extensions of several colonial railways have 
been proposed during the past 10 years, and reconnaissance and traffic 
surveys have been made, but construction has been deferred to more 
prosperous times. It is suggested that the necessity for these and, possibly, 
other extensions, should now be re-examined. 


The Paper is accompanied by thirteen sheets of diagrams. 
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CORRESPONDENCE 
ON PAPERS PUBLISHED IN 
DECEMBER 1940 JOURNAL 


Paper No. 5226. 
“The Graphical Solution of Portal Frames.” f 


By Jerrrey Witu1am Hircnen Kine, M.Sc. Assoc. M. Inst. C.E. 


Correspondence. 


Mr. Talbot C. Broom observed that when a choice was available 
between an analytical and a graphical method of solving a problem, the 
former method was usually preferable, assuming, of course, that it did not 
present any overwhelming complexity or difficulty in comparison with the 
latter method. 


In the case of stiff-jointed portal frames there appeared to be some 
misconception as to the mathematical difficulty of the analytical solution. 
For that reason he suggested the following solution, which required no 
more than a knowledge of the formulas for beam deflexion and slope, and 
the simple operation of solving simultaneous equations. 

Fig. 12 illustrated the general case of any number of spans with beams 
‘of different moments of inertia, supported on masts of different lengths 
‘and moments of inertia, fixed at the base and with rigid joints connecting 
‘the masts to the cross beams, which were considered as continuous over 
the masts. 

Assuming masts, ranging in length from L, to L,, and moments 
of inertia Ij, to Iyz,,; the number of spans would therefore be n—1, ranging 
in length from S; to S,_1, and the moments of inertia of the beams would 
be Zz, to Ip, 43 the horizontal thrust in each span would be Hy to I; Paes 
‘The bending moments at the end of each span, denoted by M at the left- 
hand end and by M’ at the right-hand end, would be M,M,’, M,My’, etc., 
to M,—,M’,-1. Hach mast was assumed to be loaded with a force 
P, (P; to Pp) at a height h, (hy to hy) from the ground-level ; # was assumed 
to be constant throughout. - 


+ Journal Inst. C.E., vol. 15 (1940-41), p. 85 (Dec. 1940). 
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Fig. 12, 
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_ The horizontal defiexions at the top of the masts were equal. Equating 
the deflexion of each mast to that of the adjacent mast, 
from masts 1 and 2, 


Pyhy? A,L, = M,L,? Poho? 
yp a 202 es 
mont 0 + smtp? Obl, 6ETy, 
(Hy — Ho)Lo3 _ (My’ — M,)L,? 

5 SET y, QT yy, 

a 2H . Ly M,L,2 2 
therefore, —2—- + 2(H, — Hj “f sete + 3(My’ — M2 

Iy, Iu, Ty, Iy 


Pyh Ph. 
= FN 8Ly — hh) — F (Ble — by) ; 
ee M, M2 
from masts 2 and 3, 
y : L,3 L8 : 32 
2(H; — Hp) 7 aay Hs); + 3(My’ — Ms) 
M, Ms, My, A 
Poho? 


A tt ka? Pyhg? 
= —M,' — Ms)7 = — 5 Ble — Ie) + 2 (3L3 — hs) ; 
3 


25 Ty, 3 

from masts n — 1 a Nn, 

re 2H, L,3 2 1 
2H, 5 — Hy) ptt — + 9 Mn 
4 pee es Ti Ty, Pi aay OAL LG 
¥ 2 

= 3M'n—rbn oe ce en *(8Liy—1— hy as - (8 — hy). 
a Iu, Iuty_1 


- The number of such equations would be n —1. Then the right-hand 
"side of the equations represented the difference of the deflexions (multiplied 

by 62) at the top of the two masts under consideration for the externally- 

applied loads acting alone on each mast. . 

; The joints of the masts to the beam being rigid, the slopes of beam and 


‘mast at these points were sey 


Strom mast 1, 


P hy? A, L,? My, ; e M, 1M. ris 


Co2Bl yy. DET, Ely oe 
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from mast 2, 


Lt | S:Mi | , e a ae 6L,M, 


from mast n — 1, 


i ES Sn—2M,,-» ( Bane =) , 
is ene ———— 2 , 
3(Hn_2 peel PTE a Pane i ee ae Ty, : n—2 B 


Iu, a Iuy_1 
from mast n, 
3H,_1L,? S,_1M —1 (= 2) , 3h,2Pp 
2 am peer 
Iu, a TB, as TB, y I x - Ty, 


The number of those equations would be n. As before, the right-han 
side of the equations represented the slope (multiplied by 62) at the top of 
the mast under consideration caused by the external load on the mast 
acting alone. When the external load was on the beam the right-han 
side of the equation represented the slope of the beam, considered freel 
supported at each mast, over the mast in question. When there was n 
external load on either mast or beam, the right-hand side of the equatio 
was, of course, zero, 


A third set of equations would result from adding together the slope 
on either side of the intermediate masts :— 


Over mast 2, 
S,M, + 28,My’ + 28,Me + S,Mo’ = 0; 

Over mast n — 1, Cc 
Sn—M y—2 + 28n_2M’n_ + 28y_1My_1 + Sy-1M’,_1= 0. 


The number of those equations would be n —2, As the left-hand 
sides of the equations referred only to the beam, the equations were equal 
to zero when the external load was on the masts only, as in the case 


discussed, but would have a definite value when there were loads on the 
beam. 


out in Fig. 13, with the value of the right- 
loading as illustrated : 

Mr. John Leeming observed that he could not agree with the Author’s 
first sentence. The analysis of portal frames was by no means always a 
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complicated mathematical problem. Most of the examples the Author 
_had taken could be solved in a few minutes by direct integration of the 


Sa 


ES 
= 
! 
= 
= 
| 
Cy 
2 
=I 
J 


Fig. 13. 


mH, +3,M, +2 (S,+34L, m) af," 


3k L, 


ex ressions for the reactions derived from the strain-energy theorem. 
¢ Even if bridge frames were more complex, and of variable section, the 
¥ summation method was perfectly simple. . 


) -— i 
i) oa Z P. 
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As an example, the Author’s first frame would be evaluated by the 
- direct integration method. Referring to Figs. 2, p. 88§, and to Fig. 1— 


i 

Fig. 14. : 
| 

H 


P = 5tons 


ee rs 


the expression for H, in the simplest form for integration, was 


vf" _p (x —d,) y. ds 
H 


ee ae ee 


I 


y?/ds 
I . 
The origin was taken at the right hinge D, and moments were considered 


as positive when causing tension in the inside fibres (the more conventional 
method). Integrations were for the whole frame. 


V; = 2:5 tons. 


d 
Evaluating Sa — 


f e Page numbers so marked refer to the Paper (Footnote to p. 431).—Sxo. Inst. 


_ CORRESPONDENCE ON GRAPHICAL SOLUTION OF PORTAL FRAMES. 437 


-in AB, |. z=L=8-0feet, ds=dy, I = 100 inches 4 :-— 


B 1 12 
xy .ds 8 ee |e 
A 0 0 
in BC, - y = 12-0 feet, ds =dz, I = 80-0 inches * :— 
Cc as | 
ay.ds 12 |a.de ~ . = 480 
I 80 
B 0 
D 
ee xy .ds 
therefore, in CD, 7 = 0 7 = 0-00 
c 
D 
xy .ds 
7 = 10-56 
A 


A a ns 


sae 


- that term did not exist to the right of the load. 
Transferring the origin to a point on AD vertically under the load P, 
and writing (x — d,) = ap, 


pa 


= A 
a Ben | (x — dy)y . ds _ | oY: Ly 
I 
P 

: Evaluating that expression 
f fin BC, y = 12-0 feet, ds —=day, I = 80-0 inches * :-— 
ie B 40 

tpy ds _ 12 oe Tae 

7 =~ 80 Lp . ALy ee | 


Pes: 0 
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in AB, Lp = 4-0 feet, ds=dy, I = 100-0 inches* :— 
A 12°0 
ee =) y.dy = 2-88 
B 0 
A 
therefore, fo . ds = 4:08 
P 


, y2.ds ne 
Evaluating Tae (with the origin at D), 


in AB and CD, ds = dy, I = 100-0 inches* :— 
B 12°0 
y* .ds es 2 = 5: 
7 10 | %": dy = 5-76 
A 0 
D 
2 ds 
similarly, a = 5-76 
c 
in BC, y=12:0, I =80-Oinches‘, ds=dzr:— , 
c pso 
yids _ 1A ey: 
ae dx = 14-40 
B 0 
D 
‘Therefore, Bite = 25-92 
A 


_ Substituting those values in the expression for H, 
25 X 10-56 — 5-0 x 4-08 
; 25-92 
At any point X, the bending moment, 
M = Va — P(a — d,) — Hy 
whence, under the load, 
M = 2-5 x 4:0 — 0-23 x 12-0 = 7-24 ton-feet. 


= = 0-23 ton. 
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For that very simple case, direct equations for the thrust were avail- 
‘able, and could be found in the standard text-books. The integration 
method was given as an example. It would be seen that it could hardly 
-be simpler, and the knowledge of calculus involved was elementary. For 
‘the Author’s case, in Figs. 9, p. 102§, of an unsymmetrical load on the 
same frame, the only differences would be the new values of V,, and of 
(« — d,)y .ds; and the working would take only a few seconds. 

In general, it should be added that methods such as those described in 
the Paper, whilst they were of great academic interest, should not be used 
except by those who had a very thorough understanding of the theory of 
- frame- and arch-analysis in general, owing to the danger that, they might 
~be looked upon as the general method of design, instead of as useful and 

interesting special methods, and might thus cause designers to design 
their frames to suit the method, instead of the site. The whole advantage 
of the portal frame lay in its adaptability to varying conditions of site ; 
and if drawings of bridges published in text-books and in the technical 
"press were examined closely, many examples would be seen in which the 
designer, by following a restricted method of design, had failed to make 
the best use of the principle. , 

__ Mr. H. Wood Robinson observed that the graphical solution of portal 
frames, as described by the Author, would possibly be found to be the 
“simplest method of obtaining a reasonably accurate solution of the more 
complex problems. But simpler problems, for example, those illustrated 
in Figs. 2, 4, 5, and 6 of the Paper, could be solved more accurately, and 
| probably more rapidly, by the moment-distribution method. The appli- 
- cation of that method to the type of problem illustrated in Fig. 2 was too 
" well known to need description. It would suffice to say that six “¢ distri- 
" butions”, three for each of the nodes B and C, would yield a solution with 
at least as high a degree of accuracy as that obtainable by the graphical 
~ method. 

' The problem illustrated in Fig. 4 could readily be solved by the following 
- method :— 


- 1. Obtain the horizontal reactions H, and Hp at A and D, when B 
and C were not allowed to rotate, by means of the equations 


Hy Cy3lap 
Hy, + Hp = Ica)? Hy) AB Iop 


Then H,=048; Hp =1-02; 
therefore, Mpa = 5°76; Mop = 9:18. 


| 2. Apply the method of systematic relaxation of restraints, which would 
_ be found to give a first solution as follows :— 


M’ 3,4 = 4-42; M’ op == D645 


prcnte Miho ichis 


4-42 ' 5-67 
therefore, HY ,=-—~ =¢63; fp = ee 
12 9 ; 
3. Obtain the final solution by multiplying the values given above by 
15 " 
0:37 + 0:63 i 
therefore, M” p4 = 6-62; Mop = 8-50 


HH” na = 0-55 > HH” op = 0-95 


An exactly similar method could be applied to the problem illustra 
in Fig. 5, when the solution would be found to be :— 


Map= 357; Mp, = 2:90; Mep = 3°64; Myo = 511 


The case of an unsymmetrical portal under vertical loads could not 
solved directly, but a solution could readily be obtained by means of 
slight modification of the method described by Pippard and Baker!. 

Thus, to solve the problem illustrated in Fig. 6, proceed as follows :— 


(1) Calculate the moments at the ends of BC when B and C are not 
allowed to rotate ; 


2 2 
then 2a gic Xa X8 gy nies ~A~3X* Leg 
(2) Solve by the method of systematic relaxation of restraints, as shown 
in the Table below, thus obtaining the first solution M4, = + 1-21; 
Mp4 = 2-45; Mcp = — 1-15. Note that the numbers immediately unde 
B and C in the Table indicate the ratios in which unbalanced moments a’ 
those nodes are to be distributed. . 
(3) Calculate the unbalanced horizontal force for the first solution 
thus :— 


121+ 2:45 1-15 
= Pesci fase — ate: = 0-177 ton. 


(4) Distribute F between BA and CD in the ratio of their stiffnesses, 
thus 
100 . 
2 x 63 

100 90 
2x68! 93 
F oD 0-062 ; ‘ 
therefore, Mp4 = Myy = 0-115 x 6 = — 0-69; and Mp = — 0-062 
x 9 = — 0°56. j 


(5) Insert these values in the Table; re-distribute, thus obtaining the 


Fup = O77 == 0-115. 


* “The Analysis of Engineering Structures,” pages 201-207. 
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‘second solution Mz = + 0-70; Mp4 = +212; Mop = — 1°87; and 
again calculate the unbalanced horizontal force. 


O17 0-027 89 


(6) Increase this value, 0-027, in the ratio ol thus obtaining 


an unbalanced horizontal force of 0-031. 
(7) Calculate the corresponding moments 


M,z=M,=—012; Mp =—010; 
and redistribute, thus obtaining the final solution :— 
Map=+061; Mpg =+ 2:05; Mop = — 1°95. 
(8) As a final check, calculate the unbalanced horizontal force, 
14 2-05 + 0-61 id 1:95 


E De aee 5 = 0-005, 
3 which is small enough to be ignored. . _ oii 
a TABLE. F 
; C. D. 
6 8, 
— 4-50 + 1-50 
+246 | 41-23 
— 0-84 — 1-68 
+ 0:46 + 0-23 
Poor — 0-14 
ay AS = ain Ist Solution. 
0 0 (<a ae SR 
+ 0-38 +019 
Soi | = 027 


+006 | + 0-03 


— 0-01 — 0:02 


+ 0:01 0 2nd Solution. 


0 0 
+007 | + 0-04 
+ 0:02 | + 0-04 
—0-01 0 


Solutions of problems involving both horizontal and vertical loads could” 
be obtained by a combination of the methods described above. Suc! 
solutions would be found to be more accurate, and probably no mor 
laborious, than those furnished by the Author’s graphical method. 

The Author, in reply, observed that it did not seem to be realized 
that the new graphical method of solution was not suggested as the best 
method for all cases, nor for all individuals, but as an easy and almost 
foolproof solution for the use of those who preferred to avoid the calculus, | 
or the solving of numerous awkward simultaneous equations, which 
themselves were often obtained only after much labour; as a quicker 
method than the graphical integration already known, even where both 
feet were free ; and as the quickest method of solution for awkward cases, 
Possibly “ tedious ” would have been a better word than “ complex ” in 
the opening sentence of the Paper. J | q 

It happened to be part of the Author’s business to prepare students 
for a final Honours degree in Engineering, and in that connexion he 
naturally instructed them in several methods of solving the usual redundant 
structures which appeared in examination papers. Because of their more 
general application, strain-energy and slope-deflexion solutions were 
widely used, followed by moment-distribution, and it was not until those 
had been thoroughly mastered that a number of students were shown the 
new method and asked to take part in a test of its merits. The problem 
of Figs. 6 was given. The times taken for solution by the several methods, 
starting in each case from scratch, as in an examinatien, were as follows : 

Strain-energy, 55 minutes; slope-deflexion, 35 minutes; moment- 
distribution, 35 minutes ; the new method, 23 minutes. A slide rule was 
used for the moment-distribution. He thought that those average times 
would speak for themselves, particularly when it was remembered that 
that was the students’ first attempt at the new method, although they 
had used characteristic-points for the solution of beams. 

It was realized that the possession of a Table such as that prepared by 
Mr. Broom would speed up the slope-deflexion method, but unless one 
was constantly dealing with portals, such a Table was not as a rule avail- 
able, and in the Author’s opinion it was preferable to remember the 
simple Mohr’s theorems rather than Mr. Broom’s equations in Groups A 
and B. Mr, Broom’s method, in common with the others quoted above, 
had at present one advantage over the Author’s, namely, that it could be 
used for several spans. The Author’s preference for such a case would 
be moment-distribution, as being far less likely to lead to errors, and far 
less tedious than the other two analytical methods, although not neces- 
sarily speedier. It should be noted that Mr. Broom’s equations applied 
only if the feet were fixed, and that when they were free, different equations, 
and more of them, were required, whereas both the graphical method and 
moment-distribution applied whatever the condition of the feet. 

Mr. Leeming had taken as a proof of the_ease of solution by strain- 
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energy, the very simplest case given, and incidentally one which had been 
given by the Author solely in order to indicate the extent to which charac- 
teristic points had so far been used. It would have been much more 
interesting to compare Mr. Leeming’s solution of the problems of Figs. 7 
or even Fig. 5, with the corresponding graphical solution. Incidentally, 
in Mr. Leeming’s equation for H, it might be realized that the numerator 
represented the area of the simple bending-moment diagram, multiplied 
by the distance to its centre of gravity, vertically, from the origin, the 
‘B.M. diagram being considered as drawn perpendicular to the paper. 
That gave at once, as a numerator, 


1/8x10. 1.) _ 480_, 
PACU tat ol Seay Ser 


in Mr. Leeming’s confused units. Similarly, the denominator was made 
“up of the volumes of two square pyramids and a rectangular prism, and 
was denoted by 
144 x 8 
80 


2 
A = 25°9) 
io0t2 x 12 x 4) + 2, 


‘whence H = 6/25-92 = 0-23 ton was obtained much more rapidly than 
‘by Mr. Leeming. There was an even simpler solution, which followed 
from a sketch of a solution by characteristic-points, by equating the values 
‘of the intercepts between the B.M. diagram and the characteristic-points, 
on either side of B, divided by the respective stiffnesses of the legs. 
Referring to Figs. 2b, one obtained at once 


2 
12 x go = 10(more = M)) = 10(5 — M);). 


Hence M, = 50/18 = 2-78 ton-feet, whence H = 0-23 ton, if required. 
_ The Author regretted that he could not see how a knowledge of the _ 
graphical solution of portals would cause designers to use an unsuitable 
frame for a practical design, any more than a strain-energy solution would, 
and as for counselling against the use of the method unless the user had 
a very thorough understanding of frame analysis, the Author thought 
just the reverse, that the graphical method was ideal for those whose 
knowledge of portal design was scanty. 
Mr. Wood Robinson had suggested that the moment-distribution 
“method would often be preferable and more accurate. Accuracy in a 
_ graphical solution was purely a matter of care. The diagrams in the 
Paper were originally drawn to about double the scale of their reproduction 
in the Journal, and in most cases the moments were given to the nearest 
0-1 ofa ton-foot. It would be found that to that limit they were accurate. 
The Author agreed that there were occasions when a moment-distribution 
solution was preferable ; when he was concerned with the solution of the 
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more awkward unsymmetrical cases on the spur of the moment, with no~ 
drawing materials to hand, he often used that method, on the back of an 
old envelope or the like. Nevertheless, it was a longer method of solution, 
as the figures quoted above showed quite clearly, and was much mo @ 
tiring than the graphical solution, even when only five or six distributions _ 
were carried out, as had been done in the test quoted above. 
Incidentally the correction embodied in steps 4 to 7 of Mr. Robin- 
son’s solution to Figs. 6 could have been done rather more neatly as” 
follows :—Assuming some arbitrary movement laterally of BC, with 
no rotation of B or C, the moments produced at A, B, and C would 
be in the ratio 2F,J,/1,2 to 2,J,/1,2 to EsI3/1g2; that was 10 to 
10 to 8. If these moments were distributed, the values when B and 
were released would be obtained. From them the unbalanced -force 
which caused the sway and those moments could be calculated. If a 
were modified in proportion so that F became equal to the correction 
required, and the moments were applied to those obtained in Mr. Robin- 
son’s stage 3, the correct moments would be obtained (see Table). The 
Author had been somewhat perturbed to discover that Mr. Robinson’s” 
solutions to Figs. 5 and 6 were rather considerably different from his” 
own. In the case of Figs. 6, which had been given in detail, he had traced 
the trouble to the distribution factors for the point C. Those should have 
been 4:3 and not 8:5, as had been used by Mr. Robinson, whose con= 
cluding remarks concerning accuracy appeared to be unfortunate. The 
correct moment-distribution solution was as follows :— 


Sway Only, No Loading. 


A. B. C. D. 
5/6. 4/3. 


10 ; 10 5 
_ —4-55 ‘oe 
— 2:28 
1-04 
0-52 Shear resulting from 
that arbitrary swa 
f —0:36 rary y 
=14-30/12+4+5-55/9 
m3 aie! Gee 
0-08 
0-04 
—0-03 
—0-01 
; 0-01 
8-09 6-21 " 
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Loading Only, No Sway. 


— 4-50 1-50 
2-05 2-45 —0-85 | —0-65 0 
1-03 — 0-43 1-23 
5 0-20 0-23 —0-70 | —0-53 
. 0-10 — 0:35 0-12 Applied force pre- 
Ae 0-16 0-19 —0:07 | —0-05 venting sway : 
0-08 —0-04 0:10 =3-66/12—1-28/9 
0-02 0-02 —0-06 | —0-04 =0-163 ton. 
0-01 —0-03 0-02 
: 0-01 0:02 —0-01 | —0-01 
1-22 4+2-44 | —2-44 +1:28 | —1-28 0 


Corrections : To moment at A = 0:163/1-81 x 8-09 = 0-73 ton-foot. 

To moment at B = 0-163/1-81 x 6-21 = 0-56 ton-foot. 

ae To moment at C = 0-163/1-81 x 5-55 = 0-50 ton-foot. 
giving . Moment at A = 0-49 ton-foot (sagging or negative). 
: Moment at B = 1-88 ton-foot (hogging or positive). 
Moment at C = 1-78 ton-foot (hogging or positive). 


Those were the same as were obtained graphically to the nearest 
0-1 ton-foot, and in fact to the nearest 0-02 ton-foot. A moment- 
distribution solution of Figs. 5, correctly performed, gave the values found 
by Mr. Broom. 

In the Author’s opinion, it would usually be found preferable, even 
with the graphical method, to calculate the corrections rather than use 
the shear diagram, if the legs were of even lengths, or a slide rule were 
available, when the corrections were obtained and applied as above. 

_ The graphical solution had one advantage over all others, which had 
perhaps not so far been realized, namely, the ease with which any errors 
could be located. A cursory inspection would usually reveal any mistake 
in the work, whereas with any other method it was usually necessary to 
repeat the work. The Author had also found that both slope-deflexion 
‘and strain-energy methods often led to errors in solution, whereas the 
graphical solution was usually correct. g 

He would suggest, that, if they had not already done so, the corre- 
spondents should give the graphical method a fair trial for a really general 
‘ease, and not for one for which their own methods had been generally 
recognized as being well suited. For instance, Mr. Broom might free one 
V7. f 

7 


. \ rd 
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or both feet of his portal, when extra equations would be required, whilst | 
Mr. Leeming might fix one or both feet of his portal, and at the same 
time make it unsymmetrical, so that he could not easily simplify his 
equations by transferring his origin to the “ elastic centre.” He would - 
find that one fixed foot would at least double, and two treble, his work, 
whereas the graphical method was the same, whatever the conditions at | 
the feet, and however complicated the case, when once symmetry of the 
frame had been lost, and would give a solution of a symmetrical frame in 
10 minutes, and of an unsymmetrical one in 20 to 25 minutes, for any 
reasonable problem. Those times could only be beaten, by any other 
methods, for the few cases for which they were particularly suited, and in 
general, could not be approached. In addition, it would be found possible © 
to carry out solutions of several cases, one after the other, without any 
brain fag, graphically; which would certainly not be the case, with anj 
but the very simplest problems, by any other method. : 


Paper No. 5228. 


“An Experimental Investigation of the Propagation of Tides 
in Parallel and in Convergent Channels.” + 


By Jack ALLEN, D.Se., and James Louis MarueEson, M.Sc., 
Assoc. MM. Inst. C.E. 


Correspondence. 


Mr. P. C. Dewhurst observed that he had been interested in the . 
experimental investigation carried out by the Authors with small-scale 
apparatus, and particularly in their conclusion that the amplification of | 
tidal amplitude was greater in a parallel channel than in a convergent — 
channel under equal governing conditions, although he appreciated that — 
the references to practical criteria were confined to the Bristol Channel, 
where the fluctuations of tide-levels were unusually wide. | 
Whilst he did not disagree with the conclusions arrived at, he would — 
suggest to the Authors that an adventure on the practical side into the _ 
difficult case on the east coast of the rivers draining into the Wash might 
be of additional interest, as possibly furnishing an explanation of one of the _ 
eee which had led to the cumulative difficulties encountered in the Fen 
istrict. 
The cumulative difficulties of the Fenland rivers, which had been dea 6 


} Journal Inst. C.E., vol. 15 (1940-1), p. 107 (Dec. 1940). 


CORRESPONDENCE ON PROPAGATION OF TIDES. 447 


Peith in Papers presented to various institutions, and also, for some 
hundreds of years previously, by people of a partially scientific bent, had 
served to establish with approximate unanimity certain causes—for 
instance silt drift due to ocean currents at the outfalls and the shrinkage 
_of the peat in the inland areas—although local disagreement had resulted 
about others. Geology and history indicated that what might be called 
the base of the Wash had originally been largely occupied by two con- 
vergent inlets and one approximately parallel channel, with the “ master 
inlet ” in the centre forming the outfall of the river which then drained 


2 Fig. 5. 


Direction of flood-tide 
drift off the coast 


I-I[-I_ represent ancient order of importance. 


by far the major portion of the area, as illustrated in Fig. 5; whilst the 
later situation approximated to Fig. 6, which indicated where the con- 
-vergent inléts had failed and had been—artificially—converted into 
parallel inlets, and the originally smaller inlet had become the major outfall. 
Mr. Dewhurst would like to know the Authors’ view of the practical 
significance of those circumstances in the light of the results of their 
_ experiments. 

_ The Authors, in reply, stated that they were grateful to Mr. Dewhurst 
“for the care which he had evidently taken in reading the Paper, as well as 
for the very. interesting remarks which he had made concerning the Wash. 
"a 30 - 

” 
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They felt, however, that that example was one which involved a 
many factors whose relative importance it was extremely difficult t 
assess on the basis of the present investigation alone. Indeed, the River > 
Great Ouse Catchment Board had decided some years ago that a tidal 
model of the whole area to which Mr. Dewhurst referred would assist their 
studies of silt, sand, and water movement and would help the Board i 
its plans for works of improvement. There was, however, one point 
which appeared to the Authors to possess a significance which was not 
generally appreciated. If a channel which was subject to tidal action 


Fig. 6. 


3 
1-2-3 represent present order of importance, 
—> ‘represent present parallel outfalls. 


ZZTZZ represent silted-up convergent inlets. 


was trained into an approximately parallel-sided course, the result migh 
be to raise high-water level as well as to lower low-water level at upstream 
stations. It would thus become possible for the benefits conferred by thé 
effect on low water to be accompanied by the serious danger of tidal 
flooding at high water. 
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Student’s Paper No, 942. 


“Foundations for Basement Buildings Adjoining Existing 
Property.’ } 


By Stpney Krenneta Jorpan, Assoc. M. Inst. 0.E.* 


ee Correspondence. 


Mr. H. Q. Golder considered that the Author’s insistence upon trial 
holes was very wise, and that his remarks on that subject might, perhaps, 
be extended, particularly with reference to the depth to which exploration 
of the soil strata should be carried. For the satisfactory design of a founda- 
tion some knowledge of the properties of the sub-soil to a depth at least 
as great as that to which the influence of the structural load extended was 
“essential, if trouble was to be avoided, Such knowledge could be obtained 
‘in many different ways. In a locality in which similar buildings had 
/previously been successfully erected, that knowledge was often inferred 
from the behaviour of those buildings. In neighbourhoods wherein the 
‘geological structure was well understood, trial pits down to a stratum 
known to be of considerable thickness and of suitable foundation material 
-might be all that was required. But if neither experience nor geological 
evidence were available, the strata would have to be explored by means of 
trial pits or bore-holes. 4 should be realized that if a proposed building 
were bigger than any previously built in that neighbourhood, or if the total 
‘load over the area of the building were greater than in the case of previous 
‘buildings, then the sub-soil would be stressed to a greater depth, and 
experience no longer afforded a sufficient guide. It was possible that a soft 
stratum at a considerable depth might be stressed by the proposed building, 
resulting in settlements, gubores smaller buildings might previously have 
proved satisfactory. 

_ The depth to which Hee needed to be ikea could be accurately 
‘determined only by calculating the vertical pressure-distribution below the 
building and choosing a depth at which the pressure had become negligible. 

For a building of several storeys carried on a raft, or on a large number of 
“spread footings, a depth of one and a half times the width 6f the building 
would usually be found to be sufficient. For a light building carried on 
independent footings widely spaced from each other, a depth of one and a 
i half times the width of the footing might prove to be sufficient. When a 


—_ 
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building included several basements the load causing settlement was, of — 
course, reduced by the weight of the excavation, and the depth to which” 
borings should be made was correspondingly reduced. 

Ordinary wash borings were useless for examining the strata. The 
borings should be made dry, if possible, and the minimum gue 
should be a careful visual examination and handling of the soil brought u 
in the auger. Where large buildings were concerned, undisturbed soil 
sampling and laboratory tests on the soil might be necessary in order that 
the theoretical bearing capacity of the soil or the probable settlement of 
the structure might be calculated. 


x*s No reply had been received from the Author at the time of going to press.— | 
Ssc. Inst. C.E. 
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Paper No. 5236. 


“Laboratory Experiments on Bellmouth Spillways.” + 


« 
By Atrrep Maurice Binnig, M.A., Assoc. M. Inst. C.E., and 
ReeGinaLD KENNETH Wricat, B.A., B.Sc. 


Correspondence. 


Mr, A. C. Buck observed that some years ago he had had occasion to 
undertake a few experiments on bellmouth outlets, differing in two 
essential respects from those described in the Paper. Firstly, the ratio 
between the crest diameter and the diameter of the tail-piece was much 
smaller; secondly, the tail-piece was only 5 inches long, so that the — 
discharge was governed almost entirely by the shape of the inlet. 

Three forms of outlets were tested. The first consisted of the entrance 
to the discharge pipe with the inner edge bevelled; the other two were 
bellmouths, as illustrated in Figs. 16 a and b. A change in the law 
governing the flow occurred in all three types as the head was increased. 
At first the discharge was approximately proportional to H?, tending 
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Fig. 16a. 
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Fig. 16b. 
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finally, so far as it was possible to tell, within the limits of the test, toa 9 
value where the index was less than 1. It was possible, and it was > 
suggested by the test on the 3$-inch outlet, that that value might 

ultimately become $. In each case the interval of transition was unstable 
and covered a fairly wide range of heads during which the outlets coul 


2 
oes se 


by no means be used as an instrument for measuring accurately the flow. — 
The points of transition in the cases of the 34-inch and 54-inch outlets 
occurred suddenly, but not necessarily always at the same head when the 
vein, which at the lower heads adhered to the inner surfaces of the outlets, 
detached itself and formed a jet which fell clear of the pipe. That was 
not observed to happen with the 43-inch bellmouth up to the maximum 
head tested, but for heads in excess of about 0:85 inch, at which point a 
fairly decided change of slope in the log.-flow—log.-head curve occurred, 
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the discharge was unstable. It was interesting to note that the points of 
transition for each outlet, as judged from the curves shown in Fig, 17, 
_ (in which log. flow was expressed in lb. per second and log. head in inches) 
were most marked at about the same head, namely 0-85 inch. 

- At times the flow was very noisy. The discharge was silent at first 
‘until the transition-point was approached, when a sucking noise com- 


Fig. 18. 
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menced; which gradually became louder and louder with increase of head. — 
Above that point the flow became much quieter, and eventually returned 


to its initial silence. 
The appearance of the discharge also varied. The surface of the vein 


; was perfectly smooth at first, but an increase in the flow tended to 
 corrugate it, and the corrugations became most pronounced just before the 
~ transition-point was reached, after which vortexes appeared and continued 
until the head was increased considerably. Z 
a 7 
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Some comparison between the two sets of experiments was possible. 
As the length and diameter of the tail-piece did not appear to influen 
the flow until the critical head was reached, the head-discharge curve was 
a characteristic of the bellmouth itself, and therefore it was possible 
compare the performances of different shapes when the crest diamete 
were the same, or even, with some degree of accuracy, when the shap 
were geometrically similar. . : 

In spite of its greater diameter, the discharge from the 5}-inch bell 
mouth was inferior to that from bellmouth A. At a head of 0-59 inch the 
discharges were 96 cubic inches and 116-8 cubic inches per second respec- 
tively. Bellmouth B was inferior to both, with 75 cubic inches per 
second (Fig. 18). : 

Should the resistance of the tail-piece be reduced it would appear ty 


a time would arrive when the Q-H curve would possess two critical points, 
one when the orifice type of flow came into operation, and the other when 
the friction of the tail-piece predominated. j 

Mr. James Williamson wished to comment on three points on the 
Paper, namely, the form of a vertical-shaft bellmouth, the pipe resistance, 
and the form of weir crest. 

Figs. 19 (a) represented a bellmouth with vertical and horizontal pipe 
flowing fully charged. The velocity Vo was determined essentially by the 
resistance in the pipes and the bend between the throat A and the outlet 
O, the resistance in the bellmouth itself being relatively small. Figs. 19 (b) 
illustrated the condition as to height which should obtain in a suitably- 
contracted spillway bellmouth, the height H being equal to, or preferably 


V2 
a little more than, = With that arrangement, the water would not _ 


converge into a united stream at the throat A until the fully-charged 
capacity of the pipe system were reached. The reason that bellmouth A 
in conjunction with the 20-foot horizontal pipe was satisfactory (p. 208 §) | 
was that that condition was met. When bellmouth A was used in con- 
junction with a vertical outlet pipe and no horizontal pipe the conditions 
were not good, because the depth of the bellmouth was insufficient for 
the increased velocity. It was not difficult to deduce that, with a vertical 
outlet, the bellmouth should taper all the way to the discharge-point. 
, the throat A (Fig. 19 (a)) the pressure-head, in feet, was 
; 2 2 bh. 
H— a = 0, since H = sa ; that was to say, the water at A> was at 
atmospheric pressure, as at the corresponding point in Figs. 19 (b). 
Therefore conditions in the two pipes below the throat were identical in 


respect of pressure and loss of head, and the discharges were equal, The 
gradual filling of the air-cone in Figs. 19 (b) by a rising reservoir would 


§ Page numbers so marked refer to the Paper (Journal Inst. C.E., vol. 15 (1940-41), 
_ p. 197 (January 1941)—Sxo. Inst.C.E. ol 


> 


: ‘above would indicate that in (a) the conditions would not be satis- 
factory, whereas in (b) they should be about right, the velocity Vo being 
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temporary block. That “ make-and-brea 
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therefore have a negligible effect upon the quantity discharged. The 
“practical capacity of the pipe system was reached when the condition of 
Figs. 19 (b) was attained. 

- Mz. Williamson considered that bellmouth B had not been made of 
sufficient depth to suit the maximum discharging ¢apacity for any of the 
pipe arrangements with which it was used. As the free-fall height was 
too small, the throat became temporarily blocked at flows of less than the 
fully-charged capacity. A column of water united in the pipe at the 
throat, producing an accelerating head which caused the column to fall 
away and release the block. Air was thereby drawn in, causing reversion 


Figs. 19. 
(ayes (6) 


Cone 
fully 
charged 


to free-fall in the bellmouth, and the water joined up again into another 
” action continued until 
the flow became sufficient to fill the bellmouth and charge the pipe 
system. | 

If the model-apparatus were still available, two further tests relative 


to the height of the bellmouth would be useful, namely, (a) with bell- 


mouth A and the horizontal pipe shortened to 10 feet; (0) with a new 
bellmouth of the “ A” type, but 13 inches deep, in conjunction with the 
shortened horizontal pipe. The theoretical considerations propounded 


! 
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Vo? 5 
estimated at about 8-1 feet per second, for whic a = 12 inches, th 


overall head being maintained at about 60 inches. a 
The Authors had pointed out that with a bellmouth of proper height 
the pressure at the throat would be atmospheric. With any height ee 
than that, the pressure at the throat would be below atmospheric when 
the system was fully charged. That was shown in Figs. 13 and 14 
(pp. 214 and 215 §), the extreme example being Fig. 14 for bellmouth B. 
In that case a negative head of 2-3 feet was measured at 24 inches below 
the crest. If the model were copied to twelve times the scale, that was 
with a 5-foot diameter crest, a 12-inch pipe, and an overall depth of 60° . 
feet, the negative head at the throat would be about 12 x 2:3 = 27:6 “—_ 
which was sufficiently close to complete vacuum to be troublesome. 
Calculations of the friction coefficient f for the l-inch pipe by the 
; S x 2gd 
Weisbach formula f = 2 
yielded a value of f = 0-0209 (mean) for velocities of between 12-2 and 
12-4 feet per second, and of f = 0-0234 for velocities between 6-3 and 
6-4 feet per second. The corresponding coefficients on the Author’s basi 


, where S denotes the hydraulic a 


d ‘ 
(using m = rs instead of d in the formula), were 0-0052 and 0-0058. The 


coefficients, and the variation with velocity, indicated a very eae 
surface and that the flow was in the difficult transition stage of partial _ 
turbulence. The value of Manning’s » for the higher velocities was about — 
0-0066, and it was probable that the ultimate constant value for the fully- _ 
turbulent region (S oc V2), which would be reached at much higher 
velocities, would not exceed 0-0064. Almost any large-scale reservoir — 
outlet system would fall within the rough-law region S « V2, whereas the 
exponential law for the short range of small-pipe velocities from 6 to 12 feet — 
per second was S « V1.82. It was therefore very difficult to make an _ 
accurate comparison between a small-scale model of the very smooth class — 
and a large-scale apparatus, particularly if the pipe resistance were a 
material factor, as in the case discussed. If, in the small model, the pipe- 
surface were made sufficiently rough to bring the flow into the V2-law 
region, comparison with full size would be easy by means of the Manning _ 
formula, provided that the value of the coefficient n were known, or could _ 
be determined for both surfaces. With roughness K = 0-025” (n = 0-011) 
the flow in the small pipe would have been practically within the V2-law 
region, In the latter region, the Reynolds number was no criterion, and 
could be left out of account. 
The basis for the most efficient form of round-top straight weir would 
be studied best from the form taken by water flowing over a sharp-edge 
weir. Figs. 20 (a) showed the approximate form of the flow over such a 
weir, and Figs. 20 (6) showed, for the same discharge, the ideal form for 
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the round-crest weir in which the shape ABC fitted the under-water curve 
_ produced by a sharp-crested weir. If the forms were duplicated, approxi- 
Mmately the same quantity would pass over (b) as over (a), but the height 
3 H b would be 0-88 of the height Hz. The capacity of (b) in relation to the 
height over the crest would, therefore, be greater than that of (a). The 
‘Tatio of the coefficients in the weir formula for the optimum condition 
could be expressed by 


Ca X 1? = G x 0883, 


whence pate. B20. 


Figs. 20. 


sharp weir, and the discharge formula would become Q = 4-0H? for the 
optimum condition, A value of 4-0 for the coefficient had been realized 
_ in practice with round-crest dam spillways. The actual form of a round- 
crest spillway should be proportioned for the maximum depth of discharge, 
and not for any smaller depth. The curve required at the upstream side 
' of the crest was not large, being less than 12 inches radius for a 6-foot 
maximum depth over the crest. The continuation of the crest-curve on 
_ the downstream side should take a free-fall form in scalar relationship to 
the maximum depth, and would be approximately parabolic. At 
maximum discharge, the water stream would then follow the contact- 
surface without exerting pressure or suction, and for smaller discharges 
_ the pressure would be positive. If the downstream surface were steepened 
~ or curved more sharply, as indicated by the dotted line BD in Figs. 20 (6), 
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the coefficient in the round-crest formula could be higher than 4-0. 
Evidently that effect occurred in very accentuated form at the narrow — 
rounded crest of bellmouth A, as was indicated by the fact that the > 
coefficient reached the very high value of 4-7 (Table I, p. 203). In such > 
a case, where atmospheric pressure of constant but limited amount was a 
factor in determining the flow, in conjunction with water heads which 
varied with the discharge and the scale of the apparatus, direct comparison — 
between model and full size could not be made, although useful deductions — 
might be based upon pressure-readings. The pressure-readings required — 
for a bellmouth of type A, with crest too sharply curved on the down- 
stream side, would be a series taken at the contact surface over a portion 
extending for some distance downwards from the crest. Further experi 
ments would be useful if they were directed to finding the extent to whic 
a bellmouth could be steepened in the upper part, in comparison with the 
ideal form, without causing separation of the stream from the surface, or 
producing detrimentally low pressure. The crest form of bellmouth A 
would probably give rise to adverse conditions if applied on a large scale. 
Mr. Williamson observed that his remarks had particular reference to 
straight round-crest weirs. The most appropriate weir-form for a circular — 
bellmouth could be determined by making model-experiments with a 
circular sharp-edged weir at a depth of flow proportionate to the maximum 
contemplated for the full size and measuring the under-water curve and 
the discharging capacity. The under-water curve would be a suitable 
form for a rounded weir of about equal capacity. | 
The Authors, in reply, welcomed Mr. Buck’s account of his experi-_ 
ments with proportionately small bellmouths attached to a short tail-_ 
piece. That work was of value in showing how far the discharge through _ 
a uniform pipe could be increased by means of a simple and easily made 
improvement to the entrance. They also thanked Mr. Williamson for 
his interesting and illuminating remarks. They agreed that the depth of _ 
bellmouth B was insufficient. The cost of constructing a bellmouth was 
usually very considerable, and it was rarely (if ever) feasible to use the _ 
ideal deep form. The purpose of the experiments on the shallower but 
more practicable bellmouth B was therefore to compare its action with — 
that of the much deeper bellmouth A. The surfaces of both were made 
Smooth so that geometrical similarity with bellmouths of, say, diameter 
150 ft., was more nearly achieved. In that connexion it might be recalled 
that the classical experiments of Sir Thomas Stanton and Mr. J. R. _ 
Pannell1 were performed on brass pipes having different diameters but 
the same surface finish. When the measured friction coefficients were 
plotted on the same base of Reynolds numbers, it was found that the 
points relating to velocities above the critical lay not in a line but ina 


1 Loc cit., ante. 
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narrow band. That scatter was attributed to the fact that the require- 


ment of complete geometrical similarity was not observed. = 
The Authors welcomed Mr. Williamson’s suggestions of additional 


s experiments. But, although the apparatus was still in existence, further 
work with it would have to be postponed until happier times. 


CORRESPONDENCE 
ON PAPERS PUBLISHED IN 
FEBRUARY 1941 JOURNAL 


Paper No. 5251. 
“The Mohammad Aly Barrages, Egypt.” f 
By Atec Grorce Vaucuan-Lez, M. Inst. C.E. 


Correspondence. 


Professor A. H. Naylor was interested in the discussion on the 


measurement of the hydraulic gradient. He believed that the only useful 


method was to sketch in or determine by model-experiment the flow 


_ network, a suitable depth of equivalent homogeneous porous ground being 
jndicated from borings. Piping could commence only at the down- 
stream surface, and for that to occur with a horizontal bed the local 


hydraulic gradient had to overcome the weight of the sand, that was, it 


-had to be about 1 in 1 in excess of the gravity gradient. That local 


gradient became very great at a sharp corner, irrespective of its overall 
average value, and the gradient at the surface depended largely upon the 


"vertical depth of the downstream toe. Sheet piling placed there would 


be much more efficacious in preventing piping than when placed anywhere 
else. In the centre of the base it would have almost no effect. No 


simple rule appeared to be safe. 


~ He could not see how, as was suggested in the discussion, an increased 
perviousness at the interface of masonry and sand, or steel and sand, 


could affect the general flow lines, for the cross-section of the interface 
film was extremely small in comparison with the thickness of the pervious 


+ Journal Inst. C.E., vol. 15 (1940-41), p. 237 (February 1941). 
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stratum. It would seem to follow that there could be little effect on the 
pressure-distribution and therefore safety from piping. } 

The reduction of uplift under and downstream of the barrage super- — 
structure, in direct contrast to the anti-piping requirements, required a: 
upstream apron and piling at the upstream edge. In his opinion th 
piling directly under the barrage superstructure served mainly as a j 
foundation. He would like to ask whether any settlement or downstrea 
movement had been detected. In such case a crack would form at the — 
upstream face of the pier, but it would be of no account as it would — 
immediately silt up. He would suggest that considerable economy might 
be effected by providing a thinner articulated upstream apron. ; 

Dr. N. N. Bhandari had recently concluded, at Queen’s University, 1 
Belfast, an experimental investigation of turbulence below weirs!. In 
particular the optimum means of dissipating energy and preventing scour 
below dams and aprons of various slopes was studied. To be effective a ! 
deflecting weir should ensure the formation of (1) a hydraulic jump on the 
apron in all cases of rapid flow, and (2) a bottom eddy tending to move 
bed material upstream to the toe. With a simple triangular deflecting 
_ weir the optimum inclination of the upstréam face varied with the down- _ 
stream slope of the main weir. In particular it was found that for a 
horizontal glacis the upstream face of the deflecting weir should approach _ 
the vertical. That was in contrast to the deflecting weirs of the Moham 
mad Aly barrage, which had an upstream batter of 2: 1. 4 

The height of the deflecting weir, 3; to js the depth of water in flood, 
appeared small. The experiments with sloping glacis indicated an advan- 
tage for a deflecting weir at least twice as high ; it prevented the occurrence _ 
of bottom flow with resultant scour when the downstream water level _ 
was high. It was possible that with horizontal glacis bottom flow did 
not occur at all. Information on that point would be interesting. 

When a deflecting weir was introduced to localize a hydraulic jump _ 
the advantage of a long approach with, in addition, gradual increase of 
depth, was not clear. Professor Naylor would like to ask whether the 
deflecting weir could not be located on the concrete floor, as that would’ 
effect considerable economy. 

The Author, in reply, observed that Professor Naylor’s remarks on 
the subject of the hydraulic gradient, piping, etc., were interesting, but 
there were many theories on that subject, and on the design of the floors _ 
of barrages and similar structures. The Mohammad Aly barrages were 
designed in accordance with the experience gained on similar structures 
in Egypt and the practice obtained in the Egyptian Government Irriga- 
tion Department. The piled and concrete cut-offs under the floor of the 
barrages could not be regarded as foundation piling to take the weight 


1 Ph.D. Thesis, London Univ. 1940: “A 8 
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of the structure, but were the result of practical experience; moreover, 
there had been no settlement in the structures or cracks in the floor in 
the vicinity of the upstream and downstream end of the piers. ‘As to 
any downstream movement of any of the structures, such a contingency 
had not occurred, and it was extremely unlikely that it ever would occur. 

The shape and the position of the granite deflecting weirs were 
determined by model-experiments carried out at the Delta Barrage 
laboratory. The deflecting weirs were placed on the downstream protective 
toes as being the best situation for them hydraulically ; incidentally, 
those toes had not been incorporated in the design purely for the support 
of the deflecting weirs, but as a protection against excessive scour 
downstream. 


Paper No. 5183. 


“The Uhl River Hydro-Electric Project.” t 
By Hersert Perctvan Tuomas, C.L.E., B.Sc., M. Inst. C.E. 


Correspondence. 


Mr. J; W. Meares observed that the short account of an interesting 
scheme given in the Paper could be supplemented by the technical Papers 
referred to in the footnotes, and also by the “ Brief Description ”’ issued 
by the Punjab Government (1932) after the death of Colonel B. 0. Battye ; 

by the printed and illustrated speeches of the Author and the Minister for 

Local Self-Government when Lord Willingdon visited the works; by 
‘similar speeches at the opening of the tunnels (1932) ; by a number of 
articles in the Oivil and Military Gazette, reprinted by Government in 
1930, and other contributions to the press ; by the valuable report of the 
“Committee of Enquiry, appointed by the Punjab Government in response 
to popular demand, on the progress of the scheme (1930) ; and finally by 
a devastating though exaggerated volume of 134 pages by a disgruntled 
Indian. - 

There was little doubt that from the purely politico-economic point of 
‘view, that was, for the benefit of the Punjab, the Uhl development was 
justifying itself, whilst it had many interesting engineering features. 
‘Mr. Meares was still convinced, however, that of the many available 
schemes for large-scale power production in the Punjab the Uhl river 
"project was not the most favourable. 
at 


+ Journal Inst. C.E., vol. 15 (1940-41), p. 280 (February 1941). 
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The tacit assumption, in the first paragraph, that no hydro-electric 
reconnaissance had been done in the Province until the official survey of) 
1921, and that it was then that the Uhl was first put forward, was generall 
held. Mr. Meares wished to point out that on p. 159 of the report off 
the hydro-electric survey of India, published in that year, the possibilities; 
of the Uhl were visualized, although they were not examined in any detaili 
until Major Aylward was appointed. The stream was assessed by theg: 
survey to be worth “at least 6,000 kilowatts,” the basis of all such 
intelligent guesswork in the report being the power continuously available 
on minimum flow without even diurnal storage. The actual rating of the 
stream on modern lines, say, Q.601, with storage, was now proved to be 
very much higher. | 

The figures of cost were open to question. The Paper stated that} 
“the outlay on production works” was 261 lakhs, against an initial 
estimate of 158 lakhs and a revised estimate (1930) of 245 lakhs. That 
was stated to be equivalent to 545 rupees per kilowatt installed ; or, after 
allowing for expenditure wisely incurred in advance for the second stage, , 
357 rupees. Those figures were unquestionably high, but he me | | 
whether they were correct. The first instalment of four 12,000-kilowatt ; 
sets, or 48,000 kilowatts, had been taken as the basis of production en it 
but one set had to be kept as spare, so that installed working plant ; 
amounted to 36,000 kilowatts2, and the above figures rose to 725 rupees and 
477 rupees. (15 rupees = £1.) ; ; 

No data were given as to the capital cost of power-transmission, trans- 
formation, general charges, distribution, etc., except that the cost per 
unit generated worked out at 2-5 pres. The official Paper (1932), from 

which the above estimates were quoted, gave the total revised estimated 
cost of the whole scheme as 645 lakhs, of which production accounted for 
only about 38 per cent. The final actual costs would be interesting, 
expecially the cost per unit delivered to the consumer, who certainly 
obtained his supply cheaply, even on the present output. Mr. Meares 
believed that the interest on the capital was largely borne by the Province. : 
and not by the scheme; but the Paper was silent on that all-important 
point in hydro-electrics. fi 

It would be remembered that in the report of the Severn 
Committee the capital cost of the tidal- 
more or less reasonable figure by shiftin 
that was not necessary, 

and shipping facilities 
Similarly, the Uhl sche 
isolated site could be ob 


1 See B.S.S. 610 of 1935, “ Rating of Rivers for Power Purposes.” 


* An official addition to p. 4 of the “ Brief Description ” definitel tated i 
maximum output was 36,000 kilowatts. is hat the 
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at Pathankot, and it was obvious that there could be no traffic to justify 
n extension towards Mandi State and Kulu. However, the Government 
of India (the Railway Board) had agreed to run a narrow-gauge line from 
Pathankot to the site, 102 miles of difficult mountain track, no doubt 
because it was convinced that the Province as a whole would benefit. 
That railway, subject to a trifling annual payment for a few years, was a 
godsend to the Uhl scheme, which could not possibly have been under- 
taken without it, and in a critical survey it was clear that most of the cost 
hould have been debited to the scheme. The original estimate was 
96 lakhs, but the actual cost was about 300 lakhs. Thus the Indian 
taxpayer subsidized the Punjab power-user. 

It might be very inconvenient politically to have the whole Province 
supplied from an Indian State. It was well known that that consideration 
tuled out the utilization of the power-supply available, and partly 
developed, from the Jhelum at Baramulla in Kashmir. That site, how- 
ever, was both accessible and at a low altitude, whereas the headworks of 
the Uhl were at about 8,000 feet and might become ice- and snow-bound. 
The disastrous earthquake (1905) in the Kangra valley, closely adjacent, 
seemed to have been taken as an ordinary risk, although special con- 
struction of buildings was undertaken; it might turn out an extra- 
ordinary risk, as the strata through which the tunnel passed were very 
broken. 

Mr. Meares was convinced, from the very start, that, whilst the tackling 
of some difficult engineering problems at a high altitude, in a somewhat 
remote locality, had been far more interesting than carrying out a hum- 
drum scheme near the load centres, the latter would in the long run have 
proved the best. No doubt the technical and departmental reasons for 
preferring the Uhl to the equally spectacular, but far more accessible, site 
on the great bend on the river Sutlej were conclusive to those concerned. 
Oil, however, was available in the Province, and there was also about 
100,000 kilowatts of canal-fall power. The latter was regularly subject 
to occasional temporary closures, but they did not all occur simultaneously. 
A combination of canal power and oil in the three principal towns, with a 
suitable inter-connecting grid, could not have failed to be vastly cheaper 
in capital cost and overall working expenses. Many of the canal falls 
could be worked automatically, with distant control. Extensions of 
plant and grid to other centres would follow. Whatever else might be 
put forward in reply, it was undeniable that about 173 miles of double- 
circuit trunk 132-kilovolt transmission over barren mountainous country 
would have been saved. The Committee of Enquiry put the cost of that 
down (Appendix A, p. 14) at more than 60 lakhs or, say, about half a 
million sterling. A good deal could be done with that sum. 


I 
| 4 «*» No reply had been received from the Author at the time of going to press.— 
Suc. Inst. C.E. 
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Paper No. 5240. 
“Discharge by Surface Floats.” T 


By Witu1am Maurice Grirrirx, Assoc. M. Inst. C.E. 


a 


vie: 


a - ewe 


Correspondence, 


Mr. E. §S. Bellasis observed that he had referred to irregular cross- | 
sections in his book1. He had also explained that Bazin’s figures for 
deriving the mean velocity from the maximum, obtained from his small — 

- channels, were wrong for larger channels and probably could not depen: 
only on Rand N. At one time the discharges of the Western Jumna cl 
main line, were observed by taking central surface velocities and multi 
plying by Bazin’s coefficients ; but the figures came out much lower than 
the actual discharges. Actual coefficients for some Indian canals were 
given in the book cited above. They were not likely to be affected 
appreciably by the silt in the water. P 

Mr. W. E. Doran observed that the Author had made two principal 
claims, firstly, that the velocity of flow in a channel varied or, at any rate, 
tended to vary, as the square root of the depth, and secondly, that the em- 
pirical formula of Bazin relating the mean velocity in a cross-section to the _ 
maximum surface velocity yielded results comparable in reliability with 
the usual method of measurement by current-meter. He had expanded _ 
the first claim to the extent of deriving the mean velocity for different 

- portions of an irregular cross-section from one known velocity, and com- 
bining that process with Bazin’s formula, asserted that, given the maximum _ 
surface velocity for a cross-section, the mean velocity anywhere in the 
section would be known with reasonable accuracy. 
Unfortunately, he had not proved his argument step by step, but had 
contented himself with supporting his contention by some discharge — 
measurements taken by surface float and by meter. Tables I, V, VI, and 
VII strongly supported the claim for the surface-float method using — 
Bazin’s formula, but if the Author desired to prove that in an irregular _ 
channel section, consisting of a deep and a shallow portion, the velocity 
in the shallow section could be derived from that in the deep part, in 
accordance with the square root of the respective depths, surely the | 
direct and obvious way would have been to furnish a series of examples 


+ Journal Inst. C.E., vol. 15 (1940-41), p. 284 (February 1941). 
1 «Hydraulics with Working Tables,” 5th edition, chap. vi., arts. 4 and 10. 
Spon, London. q 
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showing the actual and calculated velocities. So far as Mr. Doran was 
aware, in only two of the seven examples given in Table V was that 
information available, and in those the result was as follows :— 


ae 


- Date. Site. 


20/4/37 | Brownshill Staunch Gauge, 
oe 14 feet 2 inches. 


1/2/39 | Brownshill Staunch Gauge, 
“4 15 feet 3 inches. 


‘Those results were obviously insufficient to base any opinion upon. 
Whilst it might be true in a very general sense that the velocity tended to 
-yary as the square root of the depth, that tendency surely did not merit the 
rather elaborate treatment of it as a generallaw. Figs. 4 showed the main 
ehannel at Brownshill staunch at two flood stages, namely, 14 feet 2 inches 
-and 15 feet 3 inches. The full lines indicated the mean velocities taken 
by current-meter readings and the dotted lines indicated Vd. It was 
evident that, although the velocity tended to vary as V/d, the tendency 
‘was by no means constant, either for the same gauge or for one gauge 
compared with the other. : 
Therefore it did not appear that the principal claim made in the Paper 
‘could be established. Nevertheless there remained the close corre- 
“spondence between the meter readings and the surface-float results shown 
‘in the Author’s tables. If results such as those could be obtained con- 
‘sistently, the surface-float method was obviously of the highest value. 
It was very desirable that a more complete investigation should be made 
of that method, and Mr. Doran was installing a McClean current-meter 
“apparatus at Brownshill staunch, where it was intended to make a lengthy 
‘series of observations in order to compare the two methods. The Author 
had not, perhaps, emphasized sufficiently the main point in favour of the 
‘single surface-float method, the advantages of which were particularly 
“apparent in the case of the River Great Ouse Catchment Board. 
Although the Great Ouse flood problem had formed the subject of 
“numerous inquiries and investigations at intervals during the past 50 years, 
and although the first question to be settled was the discharges to be 
dealt with, no such information was available until the Catchment Board 
‘took the matter in hand in recent years. The Author had been in charge 
of the investigations, and it was due to his efforts that fairly complete 
information on the subject now existed. For designing purposes the 
‘information principally required was the high flood discharges of the 
various rivers. In order to gain complete information, readings were 
"required at twenty-five different stations—daily at some and hourly at 


le 
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others. Stage discharge curves could not be used, for the reasons mention 
in the Paper. During flood periods, however, the whole of the technical, 
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current-meters were available, it would be quite impossible to man them. | 
In addition to information as to flood discharge, much detailec ) 
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information had been required as to normal and dry-weather flows for 
the operation of the Catchment Board’s tidal model, and it would have 
been very expensive and difficult to obtain that at so many different sites 
by the usual current-meter method. The first great advantage of that 
method, therefore, was that it could be operated successfully by any 
intelligent workman after a little instruction. It permitted as many 
readings as were required to be taken during a flood, and enabled daily 
readings to be taken throughout the year at selected sites with little 
expense. The second advantage was apparent in connexion with discharge 
measurements on the tidal section of the river. = 

_ The width of the river at the discharge site below Denver sluice ranged 
from 156 feet to 205 feet, depending upon fluvial discharge and tide- 
levels. Without a large number of boats and current-meters working 
‘simultaneously, and elaborate preparations for holding the boats in 
position, it was impossible, owing to the fairly rapid change of level with 
the tides, to “cover” the section sufficiently quickly to enable reliable 
meter readings to be taken by the usual method of dividing the cross- 
‘section into panels and obtaining a mean velocity for each panel. When 
readings were being taken on the section below Denver sluice it was also 
necessary to take readings on the two branches of the river which united 
-at the sluice. One section, the Hundred Foot river, was tidal, whilst the 
other, the Ten Mile river, was non-tidal. Relying on current-meter 
methods, therefore, it would be necessary to have further personnel, boats, 
and meters on those rivers. With the surface-float method, however, it 
“was possible to take simultaneous readings at 10-minute intervals at all 
three sites, from which a discharge graph could be plotted, as shown in 
Fig. 5. Reasonably good agreement between the discharge below Denver 
‘sluice and the sum of the discharges of the Hundred Foot and Ten Mile 
rivers was obtained by this method, as was shown by the following 
maable :— 


® 
Mean Disconarces ofr Hunprep Foor River, TEN Mize River, 
AND av C/S. 2, BELOw Denver SLUICE. — 
EET Ee 


Ds 2. 3. : 4. 5. 
, 1940. , 
ne Hundred Foot :| Ten Mile: 1+2: C/S. 2: Difference : 

cusecs. cusecs, cusecs. cusecs. cusecs. 

Feb.7 . 1,450 1,925 3,375 3,380 +5 
tak ee 1,500 ,_ 1,970 3,470 3,610 + 140 
pO 3,330 2,000 5,330 5,650 + 320 
Sa oes 7,000 1,490 8,490 7,800 — 690 
Pl eas 6,800 1,470 8,270 8,420 + 150 

eee a acne are e TEEEE ERIE Tenn aera 


ef : The figures represented the mean over the tidal period ; the later 
_ readings were taken with some difficulty owing to darkness rendering the 
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timing of the floats difficult. Moreover, during part of the period, cons 
siderable trouble was experienced with floating ice. Nevertheless, the t 
difference between the combined discharges of the Hundred Foot and — 
Ten Mile rivers and the discharge measured below their confluence was 
not great. It was probable that, with the experience gained, those resul sf 
could be improved upon. i 
None of the discharge sites available in the Great Ouse catchment: t 
area was ideal, and some of them would be classed as poor. At Brownshill — 


2 


J 


DISCHARGE: CUSECS. 
VELOCITY: FEET PER SECOND 


staunch, for example, there was a shallow flood plain over which measure- 
ment had to be made, and part of that plain was obstructed by an osier _ 
holt ; consequently, discrepancies had to be expected, and it would be 
surprising if a mathematical relationship between depth and velocity 
were found to exist at such sites. The surprising thing, indeed, was that 
the results were as consistent as they appeared to be. 
Mr. Doran was not prepared to accept the suggestion that the mean 
velocities in the different parts of an irregular section could be obtained 
accurately from one reading giving the maximum velocity, and he believed 
that better results were obtainable by running additional surface floats. 
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With regard to the use of surface floats, however, in conjunction with 
Bazin’s formula, it appeared that valuable results could be obtained, 
which would often not be practicable with a current-meter. 

Probably many Catchment Boards were precluded from obtaining all 
the information on discharges that they ought to have by the expense 
involved in the provision of a number of gauging-stations and the difficulty 
of providing staff for carrying out simultaneous readings at irregular 
periods. The use of Bazin’s formula was, therefore, worthy of the serious ~ 
consideration of all Catchment Board engineers, and Mr. Doran hoped 
that some work would be done in other areas besides that of the river 
Great Ouse, with the object of obtaining comparative results by meter 
and surface floats. 

Mr. E. H. Essex observed that the Paper was very useful and practical, 
put he considered its value would be increased considerably if certain 
further information connected with the compilation of Tables III and VII, 
on pages 290 and 296 §, could be furnished. Those Tables referred to dis- 
charges in the river Little Ouse, presumably at three different points, but 
Table III lacked the figures for the stage discharge, in cusecs, which would 

‘render it complete when considered in connection with Fig. 2, whilst 


eae C 
Table VIT gave no indication of the value of f (or acs): but only the 


value of f4, and there was no indication of the size of the area, from which 
the value of f could be derived. Mr. Essex had prepared Table VIII, in 
which he sought to extend Tables III and VII; and the blanks in that 
Table could be filled in if the information asked for could be supplied. 
Could it rightly be assumed that the gauge readings had been taken on the 
one gauge for the three different points in the river at which the obser- 
vations were made? Could the stage discharge for Table III be taken as 
applicable to Table VII, in which the discharge at site A evidently applied 
to site B? If there were three separate gauges, were: all the readings 
above O.D.? What were the distances apart of the three gauges and the 
 gurface-widths at A and B? In his 1927 Paper} the Author had demon- 
strated that the discharge, in cusecs, divided by the surface-width, yielded 
the value of Dm x V, in connexion with Kennedy’s experiments. Mr. 
Essex had found that the Chezy coefficient for Kennedy’s data was 14 
times the logarithm of the Reynolds number when computed to Kutter’s 
values of f; it was always useful to compare different engineers’ values of 
f, from which one could easily calculate their estimation of the Chezy 
coefficient, which, multiplied by Dm, yielded the ratio of V/St. From the 
values of f given in Table III Mr. Essex had been able to make such a com- 
parison in Table VIII ; but he had been unable to derive any f values from 


_ § Page numbers so marked refer tothe Paper. Footnote f, page 464,—Sxo. Inst. | 


1 See footnote, page 288 §. 
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| Table VII for sites A and B without additional information as to the cross- 

sectional areas at those sites. He observed from Fig. 2, which showed an 
average fall of 5 inches in 50 feet in the bottom slope in the inverse direc- 
_ tion of the flow, that neither the measured cross-sectional area nor the area 
divided by the wetted perimeter as measured yielded a true physical ratio 
from which the Reynolds number could safely be calculated, and that the 
known discharge divided by the surface-width would give a more reliable 
“physical ratio. 

Dr. H. E. Hurst observed that the Author had been faced with the 
problem of devising a rapid method of making approximate measure- 
“ments of the discharge of a number of small rivers which could be carried 

‘out by semi-skilled labour without costly apparatus. The method of 
surface floats which he had described was easy to carry out, provided the 
Tiver was not very wide, whilst it required only a few minutes’ work and 
"no expensive apparatus. 

_ The Author’s comparisons with current-meter observations, given in 
Table V, showed a mean difference of 34 per cent. between the surface 
floats and the current-meters, and a maximum difference of 13} per cent. 
Comparisons were also given between float discharges and discharges 

deduced from weirs. The weir discharges, of course, depended upon 
"coefficients, but the Author had not stated how the latter were derived ; 
“unless they were obtained from actual measured discharges they might 
| be in error by 5 per cent. or more; the comparison would, however, 

“demonstrate the variability of measurements with floats. The standard 
deviation of the percentage-difference between weirs and floats was about 
4 per cent. The float measurements were therefore more consistent than 
‘would be expected. More comparisons between floats and current meters 
were desirable, because five was too small a number upon which to base 
‘definite conclusions as to the accuracy of the method. The evidence, 
however, justified its use as a rapid and simple means of measuring 
approximately the discharge of a small channel. Dr. Hurst would suggest 
‘that instead of the single float observation three floats should be observed 
over the same course ; that would furnish internal evidence of the degree 
‘of accuracy of the measurements. 

- The Author’s method depended upon the assumption that “ the ratio 
‘of maximum surface velocity to mean velocity is a stable function of the 
gauge reading”, and he had calculated that ratio in terms of Bazin’s 
coefficient. Dr. Hurst’s experience of the Nile and its tributaries had 
made him distrustful of formulas when applied to natural channels, and he 
would have preferred a more direct experimental determination of the ratio. 
In many cases on the Nile and its tributaries gauge-discharge curves 
‘were sinuous, but cases also occurred of smooth curves concave to the 


a ttempt was made to fit equations of the type 
TS | Q = cwh, 


ischarge axis. Sixteen cases of such regular curves were chosen, and.an~ 


¢ 
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where Q denoted the discharge, w the width, and f the mean depth 
(area/width), and c and m were constants for a particular site. The valu 
of @ depended partly upon the slope, but in many cases the variation of © 
slope was small, and slope was a function of the depth. On the Nile and 
most of its principal tributaries the section was wide and shallow, and h 
approximated to the hydraulic mean depth and was nearly a linear 
function of the gauge reading. * : 

In eight of the sixteen cases the formula gave a good fit, in three cases” 
a fair fit, and in five cases a bad fit. In the cases of a good or a fair fit, 
c ranged from 0-014 to 0-84, with a mean value of 0-30, and m from 1:28 
to 3-62, with a mean of 2:04. For the best fits the maximum deviation 
of an observed point from the curve was 5 or 6 per cent}. The case of — 
the Severn cited by the Author was one wherein a formula could be found 
to fit the observations closely. 

The Author had stated that “the mean velocities in the verticals 
above points in the cross-section will tend to vary as the square-root of 
the depths of these points.” If the mean velocity varied as the square- 
root of the mean depth, it was obvious that that statement could not be 
rigorously true. The Egyptian Ministry of Public Works had accumulated 
considerable information bearing upon the distribution of velocity, whi ; 
had not yet been completely analysed. Unfortunately it was not avail 
able at the moment, owing to the slowness of communications. 

The Author was to be congratulated upon having devised an easy and 
cheap method of measuring discharges in cases wherein the highest obtain- 
able accuracy was not required, and it would be interesting if it could be 
tested against the standard current-meter method over a wide range of 
conditions. a. 

Mr. J. M. Lacey observed that the relation between the maximum 
surface velocity and the mean velocity of the flowing section of a stream 
had exercised a certain fascination over engineers in connexion with the _ 
gauging of rivers, as an easy and quick method of obtaining*their volum a) 
of flow. When he was in charge of the Godavery Western Delta Canal 
irrigation system Mr. Lacey had endeavoured to find some correlation | 


between —— (where V denoted the mean velocity of the transverse water 
sm 


section, and Vs», the maximum surface velocity) and the hydraulic mes 
depth, and the surface slope. The results obtained on the Kakaraparru _ 
canal were given in Table IX. 

The Godavery Western Delta canals were fully completed and in 
operation before 1870, so that they had adjusted their final section by 
1910 ; the canals were used for both navigation and irrigation, and owing — 
_ to the gradually sloping deltaic country the locks and weirs were long — 
distances apart. During the irrigation season a steady discharge was 


1-H. E. Hurst and E. Phillips, “ The Nile Basin,” vol. 5., p. 223, Cairo, 1938. _ 
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maintained in the canals at or near their full supply level. The main 
canal had a bed width of 258 feet, and a depth at “ full supply level ” of 
11 feet. After a length of 10 miles the main canal branched into the 
_Ellore canal and the Kakaraparru canal. The Ellore canal ran on a 
- contour, and the Kakaraparru ran down the main ridge of the delta. The 
_ two canals had open heads. The gaugings! on the Kakaraparru canal 
were taken at 1 mile below its offtake from the main canal, and many 
miles above the nearest lock. The lower end of the main canal and the 
_ head of the Kakaraparru canal formed a straight reach for several miles. 
_ The Kakaraparru canal had a bed width of 65 feet, side slope of 1 to 1, 
and a full supply depth of 10-7 feet?. The canal ran in black cotton 
alluvium; no sand was transported along its bed; and when the river 

Godavery was in flood, that was during the irrigation season, the canal 
carried only light material in suspension. The side slopes were luted with 
fine clayish silt. Table IX showed the results obtained during the 
irrigation seasons of 1910 and 1911. 


; ee na 
During the irrigation season of 1910 the maximum ratio a= 09065 = 
sm 


m=6:96; and 1 =0-0225. The minimum ratio=0-748; m=T-5; 

and 1 =0-036. During the irrigation season 1911 the maximum ratio 

a 

- of ae 0-84, m = 8-79, and 1 = 0-066. The minimum ratio = 0-71, 
sm 


| m=814, and i=0-047. Thus even in a regular aligned canal with 


V : eae 
- smooth sides the ratio he varied between considerable limits. 
sm e 


_ The relation between the maximum surface velocity and the mean 
_ velocity of the flowing section had been discussed by Mr. John N eville 3 

"and by Professor von Wagner in 18824; by Dr. W. C. Unwin in 1907 °; 

~ and by Mr. E. C. Thrupp in 1907 6. 

- The variation of velocity in any vertical was generally assumed to be 

a parabola, with a horizontal axis at the limit of the maximum velocity 

thread; the depth below the surface of this maximum velocity thread 
_ varied in different rivers and under different conditions. The Reports of 

the Indian River Commission contained numerous vertical-velocity 

observations taken between 1901 and 1923. The maximum velocity 

thread was in all cases found at the surface. The following statement 


1 The gaugings were carried out with a Harlacher electric recording current- . 
meter at every 10 feet on the line of the water-surface. 

2 Min. Proc. Inst. C.E., vol. 237 (Session 1933-34, Part I), p. 444. 

3 Min. Proc. Inst. C.E., vol. lxxi (Session 1882-83, Part I), p. 79. 

4 Ibid., p. 86. 

5 “ A Treatise on Hydraulics ’ (Black, London), 1st edition, p. 282. 
at 6 “ Flowing-Water Problems”, Min. Proc. Inst. C.E., vol. elxxxi (Session 1907-8, — 


_ Part I), p. 346. 


; 
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TasBLe IX. <-— 
EE 
Surface slope Hydraulic oe — Hydraulic : Vv. 
1,000 feet . | mean radius 3 mee : 1,000 feet : scarry ne : Vem 
t. le 
1910 1911 

0-034 8-87 0-809 0-03 8:29 0-804 

0-066 8-44 0-776 0-063 8-66 0-830 

0-03 8-82 0-853 0-047 8-14 0-710 7 

0-04 8-79 0-759 0-053 8-95 0-750 

0-07 8-80 0-784 0-045 8-4 0-760 

0-03 7-74 0-829 0-053 8:8 0-770 

0-03 7-53 0-748 0-053 8-78 0-790 

0-0225 6-96 0-906 0-05 8-39 0-760 

0-039 CLE 0:825 0-06 8-85 0-740 

0-0233 7:10 0-782 0-066 8-79 0-840 

0-036 7-50 0-748 

0-039 8-27 0-824 

0;04 7:03 0-798 

0:041 7-20 0-784 

0-03 8-11 0-891 

0-03 8 0-847 

0-039 7:85 0-88 

0-03 7-64 0-83 

0-045. 76 0-80 

0-027 7-81 0-773 

0-04 7-99 0-80 

0-04 8-13 0-757 

0-03 7-81 0-746 


In 1910 the root mean square of 7 = 0-:80978 (say 0:81). 
sm 


In 1911 the root mean square was 0-776. 


Thus in 1911 the canal appeared to have been run at a greater depth and‘slope _ 
than in 1910. 


showed the proportion which the mean velocity thread in the vertical 
bore to the velocity thread at any given depth :— © 


That statement gave the mean of several thousand observations ; 
detailed investigation had shown that individual vertical-velocity curves 
varied considerably according to the quantity of silt carried in suspension, 
or to whether the river was rising or falling. A few such observations 
were illustrated in Figs. 6. 

(a) showed the vertical-velocity curve at Sukkur on 27 March, 1918, 
when the Indus river was carrying its maximum recorde 
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quantity of silt in suspension, namely, 3,200 grains per cubic 
foot ; ° 


(5) showed the vertical-velocity curve at Sukkur on 10 June, 1914, 
when the river was carrying 50 grains per cubic foot ; 


Figs. 6. 


(a) Sukkur (4) (ce) Kotri (a) 
27th March 1918 40th June 1914 25 September 1917 9th February 1915 
7-91 3-14 


DEPTH: 11 FEET 
DEPTH: 9 FEET 
DEPTH: 28 FEET 
DEPTH: 12 FEET 


(e) Sukkur (f) 
dst August 1914 Sth August 1914 
13-00 


DEPTH: 29 FEET. 


DEPTH: 29 FEET. 


Rising river Falling river 


VERTICAL-VELOCITY CURVES. 


(c) showed the curve at Kotri on 25 September, 1917, when the river 
was carrying 2,946 grains per cubic foot ; ; ; 
(d) showed the curve at Kotri on 9 February, 1915, when the river. 
was carrying 100 grains per cubic foot ; aE 
(e) showed the curve for the rising river on 1 August, 1914; and a 
(f) the curve for the falling river on 5 August, 1914, at Sukkur. 
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The gauging-station at Sukkur was 2 miles below the gorge through — 
which the Indus river debouched into the plain of Sind. Kotri, the other 
gauging-station, was about 300 miles lower down the river. Thus the 
relation between the mean velocity of the transverse water section and the — 
greatest surface velocity might vary between wide limits. An approxi-y 
mate estimate of the volume of flow passing down a stream might be 
made by observing its maximum surface velocity only and was useful when 
other appliances for measuring the discharge were not available, such as 
a river in flood or coming down in a sudden spate, or when great accuracy 
was not necessary. : 

The Author had asserted that in an unerodible section the mean — 
velocities in the verticals above points in the cross-section would tend tol 
vary as the square roots of the depth at those points. That was, in a 
trapezoidal or rectangular channel the velocities in the verticals above 
all points in the cross-section would ‘be equal, which was contrary to 
observation. The Author based his assertion upon the Chezy formula 
v = Cv mi, which was itself an imperfect one. Assuming its usefulness 
if suitable values for C were obtained, V varied as Vm x V‘ t; m, the 
hydraulic mean depth, was the depth the stream would assume if the 
wetted perimeter were developed, that was, flattened out, and suspended 
at its ends; the resistance to flow along the whole length of the perimeter 
being considered uniform, and there being no side resistance to contend 
with ; only under such conditions would the velocity at each vertical — 
along the length of the developed perimeter be equal. It might, however, 
be pointed out that, to provide for the influence of size, Bazin’s _ 


C was of the form —>. so that even under the conditions mentioned _ 

a er 

m 

above in an unerodible cross-section it was not strictly correct that the — 

mean velocities in the verticals above points in the cross-section would 

tend to vary as the square root of the hydraulic mean depths. The — 

‘bstruction to flow by irregularities in the bed diminished as the depth © 
vi flow increased. 

In the cross-section of the river Great Ouse below Brownshill staunch 
(Fig. 3), the depression at 300 feet near the Willows appeared to be a 
spill channel of the major stream to the left of section AA, and some part 
of the flood water between distances 150 and 300 might be flowing across 
the intervening high land and not in parallel lines to the flood banks. 

The Author, in reply, observed that equation (9) amended Bazin’s 


ratio of f= Tv. for irregular sections and, given parallel flow, provided for 


s 
‘culating the discharge of an irregular flood section from observation of 
» velocity along one float run, 


“ould not agree with Mr, Doran’s suggestion that the theorem upon 
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‘which that equation was based could best be established by a series of 
observations on channel sections. In a natural watercourse there was, 
of necessity, considerable variation from that law, because shelving sections 
were not usually found in such uniform straight lengths as to ensure that 
the streamline velocities would be always governed accurately by their 
depths. 

Moreover, those shelving sections were usually found only in times of 
flood when observations were difficult to take. 

To. prove that theorem satisfactorily by observations on natural 
watercourses would, therefore, require the collection and analysis of a 
large amount of data which would not be easy to obtain. 

Vin 
Le 

for a mathematically regular cross-section, and also Bazin’s value of C, as 

provided for in Table II, it was possible to prove the correctness of equation 

(9) by elementary hydraulics, as follows :— 


If, however, Bazin’s evaluation of the ratio be accepted as correct 


Example of two semi-ellipses. 


If a flowing section consisting of two coaxial semi-ellipses be considered, 
the major and minor axes of those ellipses being 100 feet by 40 feet and 
500 feet by 4 feet respectively, as shown in Fig. 7, it would be seen from 
Fig. 7 that the water-surface had been assumed to be 1 foot above the 
axis of those ellipses, so that, at the junction of the two semi-ellipses, there 
was 1 foot depth of flow. Those two semi-ellipses together formed an 
irregular section somewhat similar in shape to a natural flood section and 
yet consisting of two mathematically regular sections, I and II, which could 
_ be considered separately. 

For the sake of that example, a rugosity coefficient of Kutter’s N ==0-025 


could be assumed. 


and a surface slope S = 7500 
The hydraulic data of the two parts of that flowing section were 
listed in Table X, in which d denoted maximum depth of section, W, 


"width at water-surface, A sectional area, P wetted perimeter, & hydraulic 
4 
mean depth, V,, mean velocity, Q discharge, f = Tv (taken from Table 


Tl), and V, denoted maximum surface velocity. 

It would be seen from Table X that the discharges of the two regular 
- sections I and II, calculated separately by the Kutter-Chezy formulas, were 
_ 6,740 cusecs and 1,555 cusecs respectively, making a total for the section 
of 8,295 cusecs. : 

The section, considered as a whole, had a value of R= 4-55 and the 
calculated discharge by the Kutter-Chezy formulas was only 5,650 cusecs, 
_ which was less than the calculated discharge. for Section I—an obviously 
“incorrect result. It would be accepted that the correct discharge of that 
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TasBLe X. 
By Kutter. By Manning. 
ion.| d: | Ws: Fe Re 
ice! feet. | feet. ais feet. | feet. Vm: Q: Vm: Q: Sf 
feet. feet per | cusecs. | feet per | cusecs. 
second. second. a 
1 2 3 4 5 6 7 8 9 10 11 
I 21 100 | 1,670 | 122-1 | 13-67 | 4-03 6,740 3°93 6,540 | 0-791 7 
II 3 500 | 1,285 | 527-6 | 2-44 1-21 1-555 1-23 1,580 | 0-715 
Total 8,295 | 8,120 
Whole : ; 
section | — 600 | 2,955 | 649-7 | 4-55 1-90 5,650 — 5,560 | 0-747 


I 


whole section by the Kutter-Chezy formulas was 8,295 cusecs, the sum 0: 
the discharges of the two regular sections considered separately. 

As it was assumed that Bazin’s evaluation of f, as given in Table II, 
was correct for a mathematically regular section, and as for the deepes 
section, that was, Section I, f = 0-791 and the mean velocity of Section bY] 
according to Kutter was 4:03 feet per second, the maximum surface 
4-03 
0-791 
Knowing V, for the whole section, the discharge by equation (3) (Bazin 


velocity of the whole section V, would be = 5-09 feet per second. . 


unamended) could be computed and compared with that computed by | 
equation (9) for the purpose of comparison. | 

By equation (3) the discharge of the whole section @ = V,xfx A 
= 5-09 x 0-747 x 2,955 = 11,220 cusecs. 

As the true discharge was 8,295 cusecs, the error resulting from com- 
puting the discharge of that whole irregular section by equation (3) 
(Bazin unamended) would be 11,220 — 8,295 = + 2,925 cusecs = 
+ 35:5 per cent. 

By equation (9) the discharge : 


d 
Q = VifiAi + (eds) 


= 5:09 (0:791 x 1 eed Sons. >< Rene. 
= 8,480 cusecs. 


The error in computing the dischirps by equation (9) would then be 8, 480) 
— 8,295 = + 185 cusecs = 2-2 per cent. only. 

If, instead of using the Kutter-Chezy formulas, those discharges were 
calculated by Manning’s formulas, the discharge of Section I = Q, 
= 6,540 cusecs and Q. = 1,580 cusecs = 8,120 cusecs for the whole section. 
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3°93 
In that case V, = 0-791 = 4:97 feet per second. Then the discharge 


computed by equation (3) 


= 4:97 x 0-747 x 2,955 = 10,960 cusecs, and the error 
= 10,960 — 8,120 = + 2,840 cusecs = + 35 per cent. 
The discharge computed by equation (9) would be :— 


3 
4-97(0-791 x 1,670 +,/ Zon X 1,285)) = 8,300 cusecs. 


_ The error would be 8,300 — 8,120 = + 180 cusecs = + 2:2 per cent. only. 


If in the above example the surface slope were taken as instead 


1 
2,500 


1 
of 7,500 the results would be as follows: 


_ By Kutter-Chezy. 


Q, = 11,100 cusecs, Q, = 2,730 cusecs, total discharge = 13, 830 


- cusecs, and V, = 8-41 feet per second. 


The discharge computed by equation (3) = 18,560 cusecs, and the 


é error ++ 4,730 cusecs = + 34:4 per cent. 


The discharge computed by equation (9) = 14,000 cusecs, and the 
error = + 170 cusecs = + 1-2 per cent. only. 


- By Manning. 


Q, = 11,350 cusecs, Oye = 2,110 _cusecs, total = 14,120 cusecs, and 
V, = 86 feet per second. 
The discharge computed by equation (3) = 18,960 cusecs. The 


. error = + 4,840 cusecs = + 34:2 per cent. 


The discharge computed by equation (9) = 14,330 cusecs, and the 


error = + 210 cusecs = + 1-5 per cent. only. 


Next, considering an irregular section of different dimensions consisting 
of, say, two semi-ellipses with major and minor axes of 100 feet by 50 feet 


- and 400 feet by 10 feet respectively, and assuming N = 0:0275 and the 


1 


slope S = io, 10.000: 


taking the water-level, as before, as 1 foot above the axis-line, the 


hydraulic data of that new section would be as given in Table XI. 
By Kutter-Chezy the total discharge = 10,670 cusecs ; 
3°69 
s° 0°197 
The discharge by equation (3) 
= 4-63 x 0°768 x 4,034 = 14,330 cusecs. 
The error = 14,330 — 10,670 = + 3,660 cusecs = + 34-3 per cent. 
The discharge by equation oe 


= 4-63 feet per second. 


= 4-63 (0-797 x 2,064 + = (0 148 X 1 910) = 10,920 cusecs. 
32 


a 
>) oe é 


; “2, ee 
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Taste XI. 
| By Kutter. By Manning: — 
Section.| d: | Ws: A PP; R: 
feet. feet. | s uare | feet. | feet. | Vmi Q: Vin: Q: J 
eet. feet per | Ctisecs. | feet per | cusecs. 
‘ second. second. 4 
iL 2 3 4 5 6 7 8 9 10 11 


I | 26 | 100 | 2,064 | 127-2] 16-2 | 3:69 | 7,620) 3-46 | 7,120 | 0-797 


II 6 | 400 | 1,970 | 424-5 | 4-64 | 1-545 3,050 | 1-50 2,960 0-748 


Total 10,670 10,080 
Whole ; 
section | — | — | 4,034 | 551-7 | 7-32 — co — — |0:768 § 


The error = 10,920 — 10,670 = + 250 cusecs = + 2-3 per cent. 
only. 
By Manning the total discharge = 10,080 cusecs and V, = 4:33 feet 
per second. By equation (3) the error = + 33-0 per cent. By equation 
(9) the error = + 11 per cent. only. 
Finally considering an irregular flowing section consistitg of all four 
semi-ellipses, the particulars of which were aaa in Tables X and XI; 


assuming a value of N = 0:0275 and S = ae ; and assuming the — 


10,000 
water-level to be 1 foot above the axis of those semi-ellipses, as before, | 
The hydraulic data of that irregular section would be as in Table XII. 


‘4 
TABLE XII. 


By Kutter. 


Section. 
Vm? Q : 
feet per | cusecs 


1 yor ; 
I 127-2 | 162 369 7,620. ; 
II 122-1 | 13-67} 3-29 | 5,496 
Til 1-545 | 3,050 
IV 0-932 | 1,198 

Total 

Whole 

section 


1201-4] 5-81 | 
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Then by Kutter-Chezy the total discharge = 17,364 cusecs and V, 

3°69 

0-797 

The discharge by equation (3) = 4:63 x 0-758 x 6,989 =24,580 
cusecs. 

The error = 24,580 + 17,364 = + 7,216 cusecs = 41:6 per cent. 

The discharge by equation (9) 


= 4-63 foot per second. 


21 6 
= so3{ 0-79 x 2,064 ae (0-791 x 1,670) x, dos x 1,970) 


S 
ap (0-713 x 1,285) = 17,800 cusecs. 


The error = 17,800 — 17,364 = + 436 cusecs = + 2:5 per cent. 
By Manning the total discharge = 16,500 cusecs and V,= 0-797 
= 4-33 feet per second, : 

The discharge by equation (3) = 4:33 x 0:758 x 6,989 = 22,980 
cusecs. 

The error = 22,980 — 16,500 = + 6,480 cusecs = + 39-2 per cent, 

The discharge by equation (9) = 17,800 x pd = 16,660 cusecs, and 
the error = 16:660 — 16,500 = + 160 cusecs = + 0-97 per cent, only. 

From the examples given, the dimensions of which had been selected 
at random, it would be clear that in such irregular sections the discharge, 
if computed from the maximum surface velocity by equation (3), (Bazin 
unamended) would be in error by about + 35 per cent., but, if computed 
by equation (9), the error would be of the order of + 1 per cent, or + 2 
per cent, only. 

As that had been proved by calculations based upon both the Kutter- 
Chezy and the Manning formulas for free flow, and as equation (9) was 
based upon the Author’s theorem, namely, that given parallel flow, the 
mean velocities in the verticals across the section would vary as the square 
- roots of the depths, it would be clear that those examples supported the 
_ Author’s theorem. 

Mr. Doran had referred to the Author’s method of gauging the tidal 
river; Fig. 5 showed the Author’s gauging of cross-section 2 of the tidal 

section of the river Ouse, taken on the 8th February, 1940. 
In the flood of March 1937, three engineers of the staff of the Great | 
~ Ouse Catchment Board endeavoured jointly to obtain some such record 
of the varying discharges flowing at that site by means of a current-meter, 
" put failed to obtain any result. ae SE 
From Fig. 5 it could be seen that it would be impossible, under the ~ _ 
~ mostfavourable weather conditions, to record correctly the rapidly-changing 
e ““ ; : 
a ea 
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discharges with those rapidly-changing water-levels by observation witf N 
a current-meter. 

In the flood of February 1940, the Author arranged to take diecharg | 
observations by single surface floats for 12 hours daily for 5 days at three : 
different sites, namely, the Hundred Foot river, the Ten Mile river, and | 
c/s 2, Tidal river. C/S 2 was below the point whereat the other two) 
rivers joined, and the sum of the flow in the two rivers should therefore ' ' 
equal that at C/S 2. 

Observations were taken at 10-minute intervals at all three sites dara 
the 12 hours and, as each observation represented a discharge, that was | 
equivalent to taking seventy-two discharges daily at each site, or a tota 
of 1,080 discharges in 5 days. Those observations were arranged at a 
day’s notice and were carried out by one surveyor and some intelligent 
workmen. 

If those discharges could have been taken by current-meters, their | 
working out would have been a work of some magnitude. By the Author’ 8. 
method the work was simplified considerably and the plotting of the 
. fifteen diagrams, similar to Fig. 5, was completed by the surveyor in two 
weeks. 

Dr. Hurst had referred to the discharges of the Bedford weirs, listed in 
Table VI. The coefficient of the weir formulas used was not arrived a 
by current-meter, but was fixed arbitrarily from the Author’s experien 
The discharge tables for those weirs were actually made out before an y 
observations by either floats or current meter had been taken. 

The Author agreed that the coefficient used might not be exact, but it — 
would be seen from Table VI that agreement between float and weit 
formula discharge was reasonably close over the whole range of discharges — 
from 390 cusecs to 2,500 cusecs. 

By single surface-float was meant velocities observed by floats along 
a single streamline (the fastest), and it was not meant to indicate that 
only one float was timed along that streamline. In practice it was usual 
to run two, or sometimes three, floats along that streamline to eliminate — 
errors of observation, but when the Tidal river observations were 
being taken every 10 minutes, only one float was timed at each obser 
vation. : . 

The Author agreed with Dr. Hurst that check observations with current- 
meter were desirable. Experience on Indian rivers had led to the conclu | 
sion that irregular results obtained in discharge observations on those 
rivers were due largely to the continual change which was occurring in the 
wetted perimeter and often also in the bed slope, owing to erosion and — 
accretion. That cause might also affect results on the Nile. The wetted 
perimeters of rivers in the British Isles were reasonably stable. 

Dr. Hurst’s equation Q = c.w.h™ was interesting. As w.h = the 
area A, that equation could be written Q = C./. (a)”, for purposes of 
comparison with equation (1). 
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Dr. Hurst’s equation implied that the velocity of a flowing section was 
a function of the mean depth of that section. 

The Author agreed that in a channel in which the bed-level was 
governed by the silt load carried, the mean depth was a function of the 
‘mean velocity 1; conversely, the velocity would be a function of the mean 
depth. The rivers in the British Isles, however, flowed in channels whose 
bed and sides were stable and, in general, the bed was not controlled by 
the velocity. 
~ In such channels, if it were admitted that the velocity varied as (h)”, 
where & denoted the height of the water-surface above some datum, it 
would appear that the level of that datum could not depend solely upon 
the dimensions of the one cross-section: under consideration, because it 
must be governed to some extent by the level of the bed and the shape of 
the channel section downstream of the section under consideration. 

The Author was obliged to Mr. Lacey for the interesting data in Table 
‘IX concerning the Kakaraparru canal, which gave observed values of a 


for a canal having a value of R lying between 7 feet and 9 feet. The mean — 


¥ 
value of rv was given as 0:80 in 1910 and 0-776 in 1911. 
: s 


V 
The Author’s value of py tor R=7 feet was 0-766, and for R = 9 feet 
s 
was 0-776 (vide Table II), so that close agreement was evident. 
The maximum value of Ty observed was 0:906 for R = 6-96 feet, and 


aS 
‘that value did not agree either with the other results in Table VIII or with 
Table II; the reason for that high value was not apparent. 
| It was noticeable that the slope for that observation was very flat— 
only 0-025 per 1,000 or 1 in 40,000. . 
Fig. 6 was of special interest and indicated how a heavy silt charge 
‘modified the velocity-distribution in a vertical, and it seemed possible a 


: mi 
“heavy silt charge might affect the ratio Ty to some extent. 


Sid 

Observations of the Great Ouse below Brownshill staunch indicated — 
that, in the flood section, flow was on fairly parallel lines, as the bank lines 
were fairly parallel. 

= Mr. Essex had referred to Table III and Table VII. The former was 
‘not a table of observed discharges, but was a list of the hydraulic data (that 
_was, values of R, A, f, and f4) of the mean of the three cross-sections 
of the Little Ouse discharge sites given in Fig. 2. That discharge site 
was 180 yards below Thetford No. 1 staunch, and it was at that site that _ 
the discharges given in Table VII (B) were observed. Zz 
a} | - 


* 1 Transactions American Society of Civil Engineers, vol. 104 (1939), p. 1735. 
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There were, therefore, only two discharge sites on the Little Ouse at 
Thetford, namely, site (A) 2 furlongs below Thetford town bridge, and site 
(B) 180 yards below Thetford No. 1 staunch. The distance between them — 
was 1820 feet and Thetford No. 1 staunch (where the water-level was 
controlled by sluice gates) was situated between those two sites. There 
was a gauge at each site, with zero at O.D. Newlyn. The difference in 
gauges between site (A) and (B), Table VII, was due to the hold-up of | 
No. 1 staunch. 7 | 

Thetford No. 2 staunch was situated about 2 miles below No. 1 staunch § 
and the water-level was again held up by sluice gates. It would be el 
that no stage discharge curve was possible at either site (A) or (B) becau 
owing to the hold-up of those staunches, the discharge was not a function » 
of the gauge. 

The values of width at water-surface (W;) and f; for the discharges — 
given in Table VII at sites (A) and (B) were as follows :— 


Site (A). Site (B). 
Date, 
’ Dee. 1939. 


Gauge. Ws. i 2 Gauge. Ws. | aaah 


15 28 feet 2 inches 
20 > LN al sa 
Dal if Hh Pela 1 Bes 


56 feet | 0-734 | 26 feet 8$inches| 54 feet |.0-735 | 
66 ,, | 0-732/25 ,,10k , | 562 ,, | 0-721 
55s, 0-725 | 25 ,, 9 + 52 


As explained in the Paper, the value of f taken by the Author was | 


C 
Cp 25-4? but the value of C taken in that factor was 


Bazin’s evaluation which was not necessarily the true value of C. 


Bazin’s, namely, 


157°6 
As Bazin’s value of C = m 


the Author’s value of f was :— 


_«1BT-6V/R 
183VR + 25-4m 


CORRESPONDENCE ON DISCHARGE BY SURFACE FLOATS. 485 


_ For earthen channels Bazin’s rugosity coefficient m had been taken as 
_ 2°36, so for channels with earthen sections, the Author’s value of f was :— 


157-6 
7 VR 

__ The Author’s experience did not support the view of Mr. Bellasis that 
the value of f was different in small and large channels if both had regular 
sections, A comparison of the value of f for small canals of regular 
_ cross-sections and that of large rivers having irregular cross-sections 
might well show a difference. 
_ The Author’s recollection of the Western Jumna canal was that, in 
the upper reach, the sides had scoured and the channel had a shallow 
_ section with an irregular bed, and the streamlining was not good. 
: The method of obtaining discharges by single surface floats had been 
devised by the Author to meet the conditions prevailing in the Great 
- Ouse Catchment Area, and, except for the tidal section of the river, he 
| did not claim that it gave results as accurate as could be obtained with a 
_ current-meter. 

That method had, however, enabled him to obtain the necessary data 
- upon which to base his outfall project for the river Ouse, which had been 
described elsewhere!. That outfall project had recently been accepted 
by the Great Ouse Catchment Board as the solution of the Great. Ouse 
flood problem, mentioned by Mr, Doran, and the Author’s estimate of 
£1,727,800 for that scheme had recently been approved by the Board. 
_ Without that method of obtaining discharges the Author would not 
~ have been able to collect the data necessary for the design of that important 
_ project. 


eae 


PASO ee 


-  1W. EB. Doran, ‘“‘ The Ouse Flood Problem,” Geographical Journal, vol. xevii, — 
pp. 225-228. : ; 
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Paper No. 5242. 


“An Apparatus for Measuring the Lateral Pressure of Clay 
Samples under a Vertical Load.” f 


By Grorrrey Morse Binniz, M.A., Assoc. M. Inst. C.E., and 
JOHN ALFRED Price, B.A., Stud. Inst. C.E. P 


Correspondence. 


Mr. A. L. Bell observed that in 19151 he had described shearing 
tests carried out at Rosyth, and had given the following shearing values — 
for five representative kinds of clay found there :— te 7 


Shearing characteristics. 
Description of clay. 
k. a, 
Tons per sq. foot. Degrees. 

1. Very soft puddle clay 0- 
2: Soft puddleclay =. 4... . >. OS ‘ 3 
3. Moderately firmclay . . . . 0:5 i 5 
BOUT OAM) Mosc By a) siete By CT. 7 
5. Very stiff boulder clay . . . . 1-6 16 


(All those clays were in their natural condition. Puddle clay was not “ puddled” 
clay.) 


He thought that it would be interesting to compare the Rosyth clays! 
with those tested by the Authors, and, therefore, using the formula — } 


Pi = wh tan2 (;-§) — 2k tan (; -§), 

he had calculated the lateral pressures for those five kinds of clay. The — 
results had been plotted in dotted lines on Fig. 3, p. 301 §, as shown in | 
Fig. 8. It was at once apparent that the Rosyth clays covered a much | 
wider range of varieties than those tested by the Authors; but the 
Rosyth clay characterized by the values k = 0-5 and « = 5 degrees agreed 
fairly closely with that indicated by circles in Fig. 3. 


+ Journal Inst. C.E., vol. 15 (1940-41), p. 297 (February 1941). 
* “The Lateral Pressure and Resistance of Clay, and the Supporting Power of 
Clay Foundations.” Minutes of Proceedings Inst. C.E., vol. excix (1914-15, Part I), 
p. 233. ; 


§ Page numbers so marked refer to the Paper (Footnote (t), above).—Sxc, Inst, C,E, 


* 
q 
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LATERAL PRESSURE: LB, PER SQUARE INCH 
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sary, for the solution of the problem, to find out what were the external 
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The Authors had determined by direct experiment the relation sub- 
sisting between the vertical and lateral pressures of clay, and considerable 
credit was due to them for their achievement. But it was not sufficient. 


_to know only the active pressure tending to overturn a structure: it was 


‘necessary also to know the forces resisting that overturning. If the 
Authors concurred (and they had not said so) in Dr. von Terzaghi’s con- 


clusion cited on p. 297§, that “ earth-pressure theories can never be 


applied to clay,” how did they propose to put their newly found knowledge 


to practical use? Clearly some kind of theory was necessary. 


Theories were not necessarily expressed mathematically. They could 


Fig. 8. 


Moisture-content 28-5 per cent of dry weight © 
" ABD le Le ew em Xx, 
2665" " » 
PS i SEA 
DAS ae imi 
208 = » 


VERTICAL PRESSURE: LB. PER SQUARE INCH. 


~ sometimes be explained in words and applied graphically. That was such 
-acase. All that was required to determine the external forces which 
¥ governed the stability (or instability) of, for example, the wall illustrated 
_ in Fig. 9 could be found very easily from Fig. 3 for any selected variety of 


clay there represented—and without any resort to mathematics. To make 


this clear he had prepared Fig. 10, which was similar to Fig. 3, but showed 


only one sloping line representing the “ moderately firm clay” of Rosyth . 

(k = 0:5 and a =5 degrees) which, as already stated, nearly coincided 

with the material indicated by circles in Fig. 3. . 
The weight of the wall in Fig. 9 having been ascertained, it was neces= 


forces acting, or capable of acting, upon the three wall surfaces exposed 


ies a 
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to the clay. For that the following crucial facts had to be dete om | 
mined :— ; 
A. The depth at which the clay backing began to press horizontal 
against the wall. 
B. The intensity of horizontal pressure at the heel of the wall. 


~ 


Fig. 9. 
lett Snes! 20-9 - 


pth 19'-1}"— 


jae ——Critical de 


t 
| 
| 
! 
( 
I 
t 
' 
I 
! 
' 
' 
' 
! 
! 
! 
! 
' 
| 


Surface of clay 


17 Ib. 
per square 
inch, 


4 


Lg- —~— ~~ ~~~~~~-~~~~-45'-0"-—-~-— -—-------- 
-<----~-2)'.6"--=--=--=— 


© = 1} 1b. per square inch 


aoe Y 
re re ae ae bee ee 
per ag aot 41 Ib per square inch > 
inc t 
é \ 
Ss = 
hg Weight of clay 128 Ib, per cuble foot. : 
.’ Characteristics of clay. K = 0:5 ton 2 F 
' per square foot and « = 5 degrees y 
“aes & 
; i 
A Y Scale 1*= 16 feet, ! 
j Scale of Intensities, 1"= 40 Ib. per square inch to an inch, i 
Ps = a q 
eee ‘ ; ; j 
: C, The intensity of upward thrust under the heel of the wall. (In 
_____ the harder olays that would be zero.). ; 
y D. The intensity of ultimate horizontal resistance at the clay surface 


aH in front of the wall. 


“ ae The intensity of ultimate horizontal resistance at the +08 of ie | 
aL wall, : : § 
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F. The intensity. of ultimate resistance of the clay foundation to the 
_ downward pressure exerted by the toe. 

It was also necessary to know the variation of those intensities from 
point to point. 

- A, B, and C gave the essential facts about the overturning forces; D, 
_E, and F gave them for the forces resisting overturning. All could be 
- found from Fig. 10 in the following manner :— 

External overturning forces.—The intensities of lateral pressure on the 


Weight of clay 128 Ib. per cubic foot! 
or 2/7 Ib. per cubic inc 


Characteristics of clay K=0'5 ton 
per square foot and &=5 degrees 


---- 4.= aa beret 


{For insertion at p. 489 of 
October 1941 Journal. ] 


CORRIGENDA. 


“ober 1941 Journal, p. 489. Fig. 10. The dimension 


S pressure began to be exerted against the back OF the -wall=——~ 


inch (C), tending to heave the wall up. _ 


‘ “B” should be measured upwards 10. There — 
from the horizontal axis, which quare inch 
is the third line from the bottom foot, that 
and not the bottom line. shat depth 


‘At the heel the vertical pressure was that due to a depth of clay of — 
45 feet, or 40 Ib. per square inch. The lateral intensity of pressure pro- 
duced by that was 19 Ib. per square inch (B) ; and that, in its turn, 
a produced an upward intensity of thrust under the heel of 13 lb. $3 square 


ve 


| would be helpful to consider the conditions prevailing in the clay imme- 


_ intensity due to the weight of 22 feet 6 inches depth of clay. From 
_ Fig..10 it would be seen that in order to produce an upward-acting 


_ found, for, to produce a horizontal intensity of 41 lb. per square inch, F 
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External forces resisting overturning.—Those forces were the resistance: 
of clay in front of the wall and under the front part of the wall. They 
were not, like the preceding, active forces. They were passive resistanc ae 
which could be called into play, and it was necessary to determine the 
maximum, or ultimate, values. j 

In demonstrating how they also could be obtained from Fig. 10, 1 


diately below the toe of the wall at the moment of incipient failure—tfo ; 
at that moment those resistances would have attained their maximu 
values. In Fig. 11, representing intensities in equilibrium, the dotte 
line F represented (at the moment of incipient failure of the foundation) 
the unknown active intensity of downward pressure exerted by the toe. _ 
The dotted line H represented the, also unknown, intensity of pressure 


Fig. 11. 


vn” . 
a ee eee Tt 


D1raGRaM OF INTENSITIES IN EQUILIBRIUM. 


(normal to F), which unknown intensity F would produce. W, repre- 
sented by a full line, was known: it was the intensity of downward 
pressure exerted by the weight of superincumbent clay immediately in 
front of the wall. / 

In the case discussed the value of W was 20 lb. per square inch—the 


intensity of 20 Ib. per square inch—to balance exactly the downward 


from under the toe, thus forcing up the clay in front of the wall.). 
The value of F having been thus determined, the value of F, the 
ultimate intensity of resistance of the clay under the toe, could be similarly 


had to be 66 Ib. per square inch. 
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___ The most convenient rule to follow was (as indicated by capital letters 
on Fig. 10) to read the intensities of active overturning forces vertically 
from the horizontal axis to the sloping line, and the ultimate intensities 
_of resistances horizontally from the vertical axis to the sloping line. 
There remained the intensity of ultimate resistance (D) offered by the 
clay at its surface in front of the wall where the vertical pressure was 

‘zero. Following the rule given above, that would be found to be 17 lb. 
_ per square inch. 

_ The intensities thus found having been plotted on the wall section, it 
only remained (as clay obeyed a straight-line law) to join up the deter- 
mined points by straight lines, as shown in Fig. 9, which then clearly 
- showed the intensities and distribution of (a) the active forces tending to 

overturn the wall, and (6) the maximum values of the passive forces 

which could be brought into action to oppose overturning ; thereafter it 
was a fairly simple matter to determine the positions and values of the 
resultants of those several forces, and to proceed in the ordinary way to 
- find out whether the wall was stable or unstable. 
The formulas given in Mr. Bell’s Paper} yielded the same results. 


’ Those formulas were :— 


2k 
The critical depth . . Rg at = ove eae fae oe os RRO ae Pe 
p, = intensity of active ge 
* pressure on back of >| wh tan? Ge 5) — ktan G = 3) See i ohm. EY 
__-wall at any depth h .. A 
7; = maximum inten- 

sity of horizontal — TA 

resistance of material }|wd tan? G + 5) + 2k tan G _ 5) Toth eae ot [EL eb 
in front of a wall at 
_ any depth d. 


| p,= intensity of up- 


ward thrust under ‘¢ 7-5) - (7-3) - an (23) 5 

the heel of the wall oH tan ¢ 2k tan 2k tan 5 [C] 

(depth #). 

ih el (nn 

_ r, = intensity of ulti- 

mate resistance, to 4 

downward pressure, }| ““*" (Z45) + 2k tan® (5+ s) + 2k tan (F+ 5) 
4 2 4 2 4 °2 

of clay under toe of 

wall (depth D). 


[The descriptions in the first column had, in the last two cases, been amended to 
_ express more clearly and precisely the meaning of the formulas.] 


Up to that point it had, for the sake of simplicity, been assumed that — 
_ the clay under the toe would not consolidate under pressure. The Authors. 


+ Footnote 1, p. 486, ante. 
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had shown that, over a period of a month, consolidation (partly recover- 
able under release from pressure) did, in fact, take place. But in their 
experiment they had not prevented the contained water from escaping, — 
and it was questionable how far that would apply to-the case illustrated — 
in Fig. 9, where the subsoil would, in all probability, be permanently 
saturated with water. If consolidation did take place in such a case, | 
then a very gradual tilting forward of the wall was to be expected until — 
equilibrium had been attained, owing to increase in the resistance of the — 
consolidated material, or alternatively until failure occurred, Engineers 
would, however, bear in mind that the resistances determined above were 
ultimate resistances, and would take care not to impose, upon clay, | 
pressures approaching those limits. How closely those ultimate limits — 
might be approached with safety had, at present, to be left to judgment 
aided by experience. It was to be hoped that further investigatio 
would provide a more satisfactory basis for decision, The wall illustrated 
in Fig. 9 would not fail by sliding forward for, to oppose such a move 
ment, all the resistance of the clay in front would be fully developed 
But if it began to tilt forward owing to yielding of the clay under the - 
toe it was doubtful whether the horizontal resistance at, and near, toe- — 
level would be fully developed. In the present state of knowledge it 
would be safer to assume that the resistance in that region would not — 
be fully developed. 
Mr, Bell had used the wording employed by the Authors in referring — 
to “ vertical’ and “lateral” pressures. Those, as Rankine had pointed — 
out, stood in relation to each other as cause to effect. In clay, owing to 
its ability to resist internal shear, the cause was always greater than the 
effect. In the Authors’ experiments the cause was vertical, but it migh | 
equally well act horizontally, producing a vertical effect. To avoid con-_ 
fusion it would perhaps be better to call the related intensities “ primary ” 
and “ secondary,” the first being the cause and the second the effect, | 
Dr. A. A. Fordham wished to draw attention to the difficulty of | 
designing an apparatus for the measurement of lateral pressure without 
allowing any movement of the gauge or filling to take place. The Authors 
had realized that difficulty and had stated that the movement that was 
required on their apparatus had been reduced to less than z@sp inch. 
For measurement of the lateral pressure of granular material against a 
vertical wall Dr. Fordham had used a form of gauge ! in which an attempt _ 
had been made to eliminate movement. The apparatus was designed to } 
measure the pressure when the gauge surface was moved slightly outward — 
(about 5 cL inch) from the filling, and also when it was moved the sam e 
amount inward against the filling. The mean of those observed pressures 
was considered to be equal to the pressure exerted on the gauge when no __ 


1 Hngineering, vol. 143, p. 561: 14 May, 1937. Th hited at Gem | 
Institution Conversazione in June 1937,, : Po Metin | 
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movement. had occurted, or to the static pressute. It was possible 
also to determine the effect of any outward or inward movement of the 
gauge surface upon the magnitude of the pressure recorded. Thus it had 
_ been found that for small values of lateral pressure-intensity, up to } Ib. 
_ per square inch, a movement in either direction of 55% 55 inch gave a 
‘tlose approximation to the static pressure value, but a forward movement 
of the gauge of z¢55 inch was sufficient to reduce the pressure recorded by 


Fig. 12 (a). 
Vertical pressure. 
40 lb. per square inch. @ e 
SOlb. » =» » K———X 
60 Ib. » ” » A—A 
7Oilby 27) et reeks) ae— ) 


HYDROSTATIC ~ PRESSURE RATIO: K 


WATER-CGONTENT: PER CENT. 


5O per cent., whilst a backward movement of igoo inch might increase 
"the pressure by 100 per cent. or more. Further experiments made with 
| the gauge suggested that the errors due to movement increased with 
increase of the pressure-intensity, so that it would be difficult to assign a 
satisfactory limit of allowable movement in the case of the apparatus 
used by the Authors with lateral pressure-intensities as great as 30 Ib. 
- per square inch. 

_ apparatus in such a manner as to eliminate movement, if means were _ 
_ provided to apply and measure slight movement of the piston in either 


Dr. Fordham considered that it might be possible to use the Authors’ _ E . 


> re 
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direction, so as to take the mean of the pressures recorded for equal sm 
movements away from and towards the filling. . . 

Mr. H. Q. Golder observed that the apparatus described in the Paper 
was interesting on account of the ingenious attempt to solve the difficult } 
problem of measuring pressure without movement. The fact that the +> 
Paper dealt with a subject which came under the heading of soil mecha: ies 3 
was also of interest as an indication of the growing awareness in the § 
profession of that side of civil engineering. 

The results given by the Authors were worthy of some study. 


Fig. 12 (6). 


0-7 


HYDROSTATIC-PRESSURE RATIO: K 
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would appear that Figs. 3, 4, and 5 showed graphs which could not be . 
straight over the whole of their range, for the lines would be expected to | 
_ pass through the origin in Figs. 3 and 4, the lateral and vertical pressure 
both then being zero. In Fig. 4 the graph would be expected to pass 
through a point with co-ordinates (62-4, 60) or thereabouts since at, oF | 
just above, the liquid limit, the lateral pressure would be almost equal ’ 
the vertical pressure, the clay behaving as a fluid at such high moist re- 
contents. 
A useful way of examining the results was to plot out the hydrostatic: — 
pressure-ratio K, that was, the ratio of the lateral to the vertical pressure | 
That had been done in Figs. 12 (a) and (6), both of which were different — 
ways of presenting the results of Figs. 3 and 5. It would be seen that 
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the value of K increased with increase in water-content, as would be 
expected. K also increased with increase in vertical pressure. The 
‘Teason was not immediately obvious, since increase in vertical pressures 
“meant an increase in the deflexion of the apparatus, and therefore the 
“development of a higher shear strength in the clay, which might be expected 
to reduce the value of K. However, since K was the ratio of the lateral 
and vertical pressures, it could be shown that K would increase with 
‘vertical pressure so long as the percentage increase in shear strength was 
less than the percentage increase in vertical pressure, that was, if the 
- shear stress—strain graph for the clay was curved towards the strain axis. 
That was usually the case for clay, although the curvature was very slight 
in the regions of low strain, and it was doubtful whether that explanation 
could account altogether for the quite considerable increases in K observed 
in the tests. The phenomenon might be connected with the constants of 
_ the apparatus. 
In spite of the ingenuity displayed in the apparatus, Mr. Golder con- 
sidered that the tri-axial compression apparatus, as used in the United 
" States and on the Continent, fulfilled the same function more satisfactorily, 
2 and was much more versatile. 
: Mr. J. W. Hunter congratulated the Authors upon the neat apparatus 
_ they had designed to measure the lateral pressure of clay samples without 
appreciable lateral movement. At the Singapore naval base that problem 
-had been met when determining the constants for use in Bell’s formula 
- for lateral pressure in earth masses. At first the constants were deter- 
~ mined by horizontal shearing tests under various vertical loadings, but it 
~-was found that failure was usually accompanied by considerable distortion 
_ of the samples, and it was considered that the constants determined in 
- that manner were those applicable to a mass of earth about to fail through 
shear. That was not the condition on the back of a wall, as the wall, if 
f stable, prevented any appreciable horizontal movement in the earth mass. 
- The difficulty was overcome by using the apparatus illustrated in Figs. 13, 
in which the relation between the vertical and lateral pressures was 
measured directly. As an earth sample was loaded vertically, slight 
horizontal displacement, of the order of 0-02 inch, was allowed to take 
place in the side plunger. That displacement was then cancelled out by 
increasing the load on the side plunger, which induced a slight movement 
- of the side plunger in the opposite direction to that which had previously 
taken place, the side plunger load being increased until the side plunger 
was about 0-02 inch inside the unstressed position. The vertical load was 
¢hen increased and the operations were repeated until the required 
maximum vertical load was attained. By recording the vertical and 
~ horizontal loads when the side plunger was in its original position on both _ 
_ inward and outward movements, friction effects in the pulley, and on the — 
edges of the plunger, were cancelled out. That system was designated 
the “ direct method.” oer 
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Figs. 13. 
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_ ‘Typical results obtained by the shear method and by the direct 
method were given in Table 1; it would be seen that the average values 
of the Bell « and & constants determined by the direct method were about 
25 and 39 per cent. lower respectively than those measured by the shear 
‘method, The constants for the mixed filling had been included in the 
“Table as an indication that the direct method was applicable to soils 
which were not entirely clay. 


2 TasLe I. 


Bell’s constants. 


ee of Density. Remarks. 
. Determined by Determined by 
shear method. direct method. 
Lb. per , k: tons : k&: tons 
cubic & & 


= per x per 
foot. | Feerees. | sq ft, | Aeerees. | aq. ft. 


“Yellow and red 
clay with quartz 


m crystals . . 97 284 0-20 22 0-13 
| Soft red clay with 
quartz crystals lly; 35 0-08 32 0-04 | “ Laterite.” 


| White clay con- 

- taining coarse 

sand and grit . 120 37 0:10 22 0-07 ‘* China clay.” 
Very soft grey 

clay containing 

_ sand and grit . 121 32 0-08 28 0-08 

Red clay with 
quartz crystals 118 39 0-16 34 0-07 | “‘ Laterite,” 


; Analysis (per cent.): 
; Filling (analysis Rock fragments, 12 ; 
in “ Remarks Coarse sand and grit, 
1 ear 102 41 0-08 22 0-04 16; 
ee ; Fine sand, 30; 
Clay, 42. 


i ‘By the direct method, curves very similar to those in Fig. 3 had been 
" regularly plotted at Singapore; Fug. 14 was a typical example. A com- 
parison had been made between Bell’s constants calculated from the 
Authors’ apparatus and those given in Appendix A §. Unfortunately 
the samples were not truly comparable, as the moisture-content of the 
samples varied. The results of the comparison were given in Table Il, 
_ '‘The values of « determined by the Authors’ apparatus were lower 
than those determined by the shear method ; that agreed with the 


4 observations made at Singapore. 


‘The values of h determined from the Authors’ apparatus appeared 


§ See footnote ! on p. 486, 
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498 CORRESPONDENCE ON AN APPARATUS FOR MEASURIN' ee 
Taste II. = 
Method of test. Moisture content: | a2 .degrem:, |." aan 
Shear’, 4°52! ee SO ae 32-4 Initial 20 0-20 
average ok 
Binnie and Price apparatus . . 20-8 19 0-37 
”? ” ” 21-5 19 0-37 
” 9 ” 23-1 11 0:75 
” ” ” 26-6 17 0-29 
” ” ” 28-0 11 0-42 


” ” ” 28-5 7 0-49 


high in comparison with those determined by shear, but that might be | 


entirely due to the difference in moisture-content. (7 


Fig. 14. 


White clay containing coarse sand and grit. i ea 


HORIZONTAL SHEAR: LB. ON 4"x 4” 


DIRECT TESTS. | LATERAL LOAD: LB. ON 4" x3" 


SHEAR TESTS. 


0 100 200 300 400 500 600 700 800 900 1000 


VERTICAL LOAD: LB. ON AREA 4”x 4” S oy 


The Authors had stated that for lateral pressure below 10 Ib. per 
square inch the readings of their apparatus were generally erratic. That 
meant that measurements of lateral pressures corresponding to depths of 
less than about 36 feet below the surface for the 26-6-per cent. moisture-_ 
content sample, and to greater depths for the other samples, could not 
be made on the apparatus. The lateral pressures (if any) acting on the 
upper parts of the back of a wall were the important pressures, when the 
stability of the wall against overturning was being considered, and if. 
means of determining lower lateral pressures could be devised, the 
Authors’ apparatus would be improved. _ 

In the apparatus used at Singapore lateral pressures of 2 Ib. pe 
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_ square inch or more could be measured, and, for the type of soil tested at 
Singapore, that was considered a distinct advantage. 
__ Mr. Hunter hoped that the Authors would publish the results of 
-further tests made with their apparatus, and he suggested that the results 


should be expressed as constants for use in the Bell formula. 


: % o reply had been received from the Auth t the ti : 
y +s N e Authors a t: f ‘ 
_ SEC. Inst. C.E. 8 e time of going to press 


CORRESPONDENCE 
ON PAPERS PUBLISHED IN 
MARCH 1941 JOURNAL 


Paper No. 5235. 


“The Design of Sewage-Purification Works.” { 


By Hersert Ceci. Wairenead, M. Inst. C.K. 


i Correspondence. 


_ Mr. L. B. Escritt observed that the Author had indicated the dis- 
advantages of badly-designed hopper-bottomed tanks. In the design of 
the pyramidal tank there were many pitfalls, and whilst that form of 
construction had been found to be highly efficient and most suitable in 
' those cases where low detention-periods were essential, for example, in 
the final separation tanks of an activated-sludge plant, unsatisfactory 
design had, in many cases, caused it to be unpopular with sewage-works 
managers. In the case of the earlier rectangular continuous-flow tank, 
with which long detention-periods were possible, adequate sedimentation 
could be effected by giving large capacity to a tank of simple form ; 
_ with the pyramidal tank in a modern works, there were many controlling 
factors. 

____ As had been pointed out in the Paper, it was necessary to avoid stream 
“flow or jet formation, eddy currents and patches of dead water, the 
_ possibility of holding up sludge on the sides of the tank, and long periods 
_ of detention in one part of the tank only. The Author had referred rather 
_ vaguely to the capacities of sedimentation-tanks suitable for different — 
strengths of sewage. ee 
+ Journal Inst. C.E., vol. 16 (1940-41), p. 3 (March 1941). 
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- of the inlet. The peripheral weir had generally been found to be the 


500 CORRESPONDENCE ON Si ae 

Generally, the detention-period of sedimentation-tanks, the over-all | 
dimensions of such tanks, and their number, were based upon practical | 
experience. Theory, of necessity, lagged behind practice, because until | 
practical results had been obtained no data were available upon which to \f 
base theory; but whilst practice required experience, theory could be : 
communicated, and for that reason it was particularly valuable to those ; 
engaged in design. There was already much theoretical matter on which . 
a principle of design could be based, the general heads being as follows :—= 

(a) It had long been known that, in the absence of all disturbing 
factors, and assuming perfect flow and perfect arrangement of inlet and — 
outlet, the efficiency of a sedimentation-tank depended, not upon the 
capacity, but upon the surface-area, and that that rule applied to upwar | 
flow, horizontal flow, and the common arrangement which combined — 
upward and horizontal flow. In the case of the upward-flow tank, the 
rate of upward flow should not be greater than the subsiding velocity of ” 
the smallest particle to be settled; whilst in the cross-flow tank, the - 
smallest particle to be settled should be able to fall to the bottom of the 
tank before the water containing it at the time of entry passed over the 
outlet-weir. Simple calculation would show that, in both cases, an equal 
surface-area was required, and that, if a falling velocity of 4 feet per hour 
were assumed when the flow was three times dry-weather flow, a surface 
area of 1 square foot per 200 gallons per day dry-weather flow was 
required. That figure gave a higher standard than that suggested by the © 
Author and was always possible in practice. As the maximum quantity 


that three times dry-weather flow was the basis of design. Thus the 
surface-area of the tank could be calculated. 
_ () Irregularities of flow in a tank could arise from several causes, 

including convection due to differences of temperature, convection due to 
differences of specific gravity of settled and unsettled sewage, flow due to 
wind action, and streaming due to arrangement of inlet and outlet. 
Whilst the first three items were the least easy to control, the last two — 
were the most liable to cause inefficiency—particularly the arrangement _ 


most satisfactory form of outlet. Any form of inlet which was liable to 
form a jet (and among such inlets might be included the weir inlet) would — 
disturb flow throughout the tank. However, satisfactory central inlets | 
had been devised; for example, the Clifford inlet, the only requirements — 
for which were a central position equidistant, so far as possible, from all — 
parts of peripheral weirs, placed so as not to interfere with sludge settle= — 
ment, and giving a velocity into the tank which was low and equally — 
distributed. 4 
(c) In positioning the inlet it should be remembered that in a tank not 
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for and it was assumed that tanks were not de-sludged more often than 
_ twice a week, storage of, say, 4 days’ sludge would have to be allowed. 
_ Assuming that the moisture-content was 97} per cent. (a safe figure) that 
quantity of sludge would, in the case of a tank of 6 hours’ dry-weather- 
‘flow capacity, be found to occupy about two-thirds of the depth of the 
tank. Thus, it was advisable for the inlet of the tank to be arranged 
comfortably within the top third of any tank which was completely 
“pyramidal or conical. As had been pointed out by Dr. Karl Imhoff, the 
eapacity of the vertical-sided portion of the hopper-bottomed tank was 
theoretically waste capacity, as regards sedimentation. More deeply- 
placed inlets had been known to prevent settlement entirely. 

(d) A long outlet-weir was advantageous; but if the weir was too 
long the depth of flow would, during a great part of the day, be less than 
qs inch over the weir. At that figure surface-tension prevented further 
flow, and flow occurred in patches (a not uncommon sight), causing 
streaming. Therefore, the length of weir should be determined by the 
‘flow. The smaller the tank, the longer could be the weir in proportion 
| to capacity, with the result that in the case of a tank with the capacity 
referred to above, there was no advantage in making the tank smaller 
_ than 27 feet square, unless castellated weirs were provided. 

' Assuming tanks which were completely pyramidal, a method of design 

calculation could be formulated, on the above principles, which could be 

compared with the more usual methods. 

' For example, assuming the data for the sedimentation tanks for a 

" percolating-filter scheme to be as follows :— 

Population ; 27,000 persons. 

Dry-weather flow :- 30 gallons per head, 

Maximum rate to be treated; three times dry-weather flow, 

Quantity of sludge; 4 gallon per head per day at 974 per cent. 
moisture-content, 

. Tanks to be complete pyramids with sides sloping at 60 degrees. 

- One commonly-used method might be as follows :— 

: Capacity, say,8 hours’ dry-weather flow = 270,000 gallons = 43,200 
cubic feet. 

Assuming four tanks, each of 10,800 cubic feet capacity; then 
10,800 =0-289a3 where x denoted the length, in feet, of the sides of 

; the tank ; therefore the tanks should be 33 feot 6 inches square. 

Tn that method, the detention period was taken as “ moderate” for a 

- medium sewage, and the number of tanks was guessed. Four errors were 

possible; (1) the total capacity might be too large, with unnecessary 

expenditure on materials and an unnecessarily long detention period; 

(2) the individual size of tanks might be too large, with consequent Jow- 

efficiency in proportion to capacity (both of those conditions obtained in ~ 

the figures chosen above); (3) the total capacity might be too”small, 


“ 
val 
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' with insufficient storage and the possibility of an excessive rate of upward — 

flow, resulting in low efficiency; (4),the individual size of the tanks © 

might be unnecessarily small, adding to the cost and complication of the © 

works. 7 

An alternative method would be as follows :— 
27,000 x 4 


4 days’ quantity of sludge = eT Ge 8.640 cubic feet. 


If that was to be stored in the lower two-thirds of the depth of th e 
pyramidal tanks (a generally satisfactory arrangement) the capacity of 
3 


ott | 
the tanks would be 8,640 x (5) = 29,160 cubic feet =5-4 hours dry- | 


weather flow, say 6 hours. 
Then the required capacity of tanks =6 hours dry-weather flow 
= 202,500 gallons = 32,400 cubic feet, and the required surface area 
810,000 


aor 4,050 square feet. 
That area divided by 272 = 5-5, so that six tanks would be required. 
The capacity of one tank = — = 5,400 cubic feet = 0.28928 ; 
x = 26-6 feet. 


Therefore the tanks should be, say, 26 feet 9 inches square. 


In the latter method, a constant standard of efficiency was aimed at, 
together with a minimum capacity, and therefore the least possibility of 
septic conditions. It would be found that the capacity of the tank, by 
that method, increased with the quantity of sludge to be dealt with, which 
would often mean that the capacity was greatest for the strongest sewage. 
The method was also intended to overcome some of the pitfalls of hopper- 
bottomed tank design. In the calculation rectangular tanks had been 
chosen, but conical tanks could have been substituted. 

The only remaining detail would be the arrangement of the sludge- 
pipe (usually a simple matter) and the inlet. The latter should preferably 
be placed so as to discharge either on to a baffle-plate or below a central 
bafile-box, all of which was comfortably housed in the upper third of the 
depth of the tank. : 

A revision of the same method was applicable to mechanically-raked 
tanks, humus tanks, and those which involved floating weirs, castellated 
weirs, etc. 

Mr. Paul Hansen, of Chicago, observed that the Paper was a well- 
balanced resumé of current British sewage-treatment practice, and con- 
stituted interesting and instructive reading for an American sanitary 
engineer. Whilst certain differences existed between current British and 
United States practice in the design of sewage-treatment works, he was 
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‘struck principally by the similarities in practice as well as thought. The 
_use of the oxygen-consumed determination in conjunction with the 5-day 
* B.O.D. determination as a means of detecting substances inhibitive to 
~ bacterial life was interesting. In the United States the oxygen-consumed 
- determination had been almost abandoned, although its use continued as 
a routine determination in a few laboratories. Erratic results with the 
 oxygen-consumed determination were principally responsible for its 
~ abandonment, especially since the advent of a reasonably reliable and 
Es simple standard procedure for the B.O.D. determination. That, com- 
- bined with suspended solids and occasional bacterial counts, seemed to 
yield all the routine information needed for plant-control. In Great 
- Britain much more consideration appeared to be devoted to the partial 
' treatment of storm-water overflow from combined sewers. In a few 
~ instances, the collection, storage, and sedimentation of storm overflows in 
- excess of three times dry-weather flow, had been applied effectively in 
_ America, notably at North Toronto, Ontario, at Columbus, Ohio, and at 
Decatur, Illinois. Generally speaking, however, streams in the United 
- States were of a more flashy type than those of Great Britain, and increased 
in volume rapidly with rainfall. Many, of course, were much larger than 
any streams in the British Isles. The small degree of temporary pollution 
_ that occurred following a rain was, as a rule, of little consequence. 
_ Roughly speaking, those overflows occurred during only 1-5 per cent. of 
the time in the region of Chicago. 
Practice in screening and removal of grit (detritus) differed but little 
in Great Britain and the United States. Figs. 3 in the Paper showed 
adjustable wings or vanes on either side of a grit-channel for maintaining 
the requisite high velocity. The customary practice in the United States 
was to install “ proportional ” weirs, at the ends of the grit-channels, 
- which maintained the velocity of flow within the channel more or less 
_ uniform—usually at the rate of about 1 foot per second. ; 
The Author had emphasized the variation in the strength of sewage 
‘during the hours of the day. A similar phenomenon, of course, was 
_ evident in the sewages of the United States. In some instances industrial 
_ wastes created such wide fluctuations in strength that some means of 
e 4 equalization were deemed necessary. That occurred particularly in 
~ moderately small towns containing large meat-packing establishments, 
such as Cedar Rapids, Iowa, Austin, Minnesota, and Sioux Falls, South 
Dakota, in each of which the packing-house wastes constituted the pre- 
dominant element in the sewage-flow. At both Austin and Sioux Falls 
_ the population equivalents of the packing-house wastes were greater than 
the population of the town. The wastes were received in an equalizing- 
tank which had an outlet through a rate controller similar to those used — 
a‘ for controlling the rate of flow through water filters, thus creating a 
: telatively uniform flow of the strong wastes and also a relatively uniform . 
strength by virtue of the mixing that was effected in the equalizing tank. 
_ Such equalizing tanks were warranted only where the industrial waste 
was relatively considerable and strong as measured by B.O.D. 
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The general acceptance of the standard for sewage effluents recom= 
mended by the Royal Commission on Sewage Disposal was interesting as — 
reflecting the general similarity of streams in the British Isles, in contrast 
with the wide variations in those in the United States. That standard, — 


practice where small streams were concerned, On the other hand, when — 
relatively large Streams were the receiving bodies of water, the removal — 
of readily settleable solids was considered sufficient treatment. When — 
water-supplies were affected such treatment might be supplemented by - 
sterilization with chlorine, which was obtainable very cheaply in the — 
United States. Such conditions were exemplified by recently completed 
treatment plants at Detroit, on the Detroit river and at Buffalo and 
Niagara Falls, on the Niagara river, (Niagara Falls used fine screening 
and chlorination.) 

For cities located on the Great Lakes sewage-disposal presented 
problems peculiar to the United States and Canada, Whilst considerable — 
dilution was available, effective dilution that would protect water-supplies 
and bathing beaches was difficult because of the erratic character of wind- 
induced currents, Generally speaking, for such cases, a rather high degree _ 
of purification, including chlorination, had been found necessary, as at 
Milwaukee and Cleveland, and as now proposed for Toronto. | 

One striking difference between British and United States practice 
was reflected in the displacement-period used in sedimentation tanks. 
The Author had indicated a displacement period of about 4 hours, based — 
on average dry-weather flow, and regarded periods of from 6 to 8 hours 
as appropriate for some sewages, In the United States displacement 
periods of about 2 hours were usual and were considered adequate to 
remove 90-95 per cent. of the settleable solids, Even shorter displacement 
periods—about 1} hour, based upon average dry-weather flow—were » 
considered sufficient, as at Buffalo and Detroit. In that connexion it 
had to be borne in mind that the per capita dry-weather flows in the 
United States and Canada were considerably higher than in the British _ 
Isles, 

When sewage was fresh and primarily of domestic character, a longer 
- displacement-period in preliminary sedimentation tanks was considered 

desirable. Thus, in connexion with army cantonments, a period of 3 hours | 
was recommended by the consulting engineering firms of Messrs. Greeley 
and Hansen, Chicago, and Messrs. Metcalf and Eddy, New York, assuming 
an average flow from sanitary sewers of 70 (U.S,) gallons per capita per 
day. Both circular radial-flow and rectangular straight-flow sedimenta- 
tion tanks were in common use in the United States ; but as a number of 
manufacturers made mechanical sludge-removal devices for rectangular 
tanks, there was a growing preference for that type. At Buffalo bids 
were received for alternative designs for circular and rectangular tanks, 
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and price was permitted to control the selection, which, in this case, was 
in favour of circular tanks. 
e During the past 2 or 3 years, considerable interest had developed in 
“trickling filters operated at high rates and with recirculation of the 


effluent. It had become evident that conventional methods of dosing had 


“not developed the maximum capacity of that type of filter. A further 
influence had been the acceptance of B.O.D.-removal, rather than induced 
_ nitrification, as a measure of perfarmance. High rates of application of 
sewage had been found to prevent clogging, and that had been another 


effective stimulus to high-rate operation. Sufficient reliable operating 
data were not yet available to provide complete assurance as to the 
_ performance that might be expected, but, roughly speaking, a population 


- loading of 30,000 per acre-foot of filtering material followed by sedimenta- 
- tion, would result in a B.O.D. reduction of about 50 per cent. Higher 
removals had been claimed. Double filtration at high rates through 
- trickling filters with various arrangements was increasing in favour. 
Double filtration appeared to be adaptable to strong wastes such as those 
_ from packing houses, whereas activated sludge alone had proved unsuitable. 


High-rate trickling filters had been favoured by consulting engineers 


_ for a number of more or less temporary army cantonments. In each case 
- provision had been made for the recirculation of sewage through the 
filter, to maintain a desirable rate of application and to prevent clogging. 
Sedimentation following the filters was provided to give a displacement 
period of 2} houts : chlorination was also provided. Such an installation 
~ was relatively inexpensive, and yielded an effluent substantially better 
~ than that from sedimentation alone and sufficiently stable to avoid odour 


nuisance. Chlorination afforded protection against danger to health, and. 


: ‘could, if necessary, be applied in quantities sufficient to produce direct 
oxidation or to retard decomposition sufficiently to permit re-aeration in 
~ the receiving body of water to keep pace with decomposition, thus ensuring 


odourless decomposition whén dilution was limited. 
Activated sludge had retained its popularity, especially for larger 


: plants wherein a high degree of purification was required and the sewage 
was not very strong. It had not proved satisfactory as a preliminary 
treatment when strong industrial wastes were involved, but it had per- 

formed acceptably as a finishing treatment for strong wastes following 
_ pre-treatment on trickling filters, as at Sioux Falls. Various modifications 


of the activated sludge process, including so-called step aeration and 
aeration combined with chemical precipitants, were being examined with 
interest. ipoinc 

~ Mechanical de-watering and incineration of sludge had become popular 


- in the United States. It had proved economical at such large installations 


as the Southwest Side and Calumet plants of the Chicago Sanitary District, Ze 
at Buffalo, Detroit, and Cleveland, and in the Minneapolis-Saint Paul 


Sanitary District. It had also been found advantageous in dealing with 
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digest readily. Probably economy for the mechanical de-watering and f 
incineration of sludge could not be demonstrated at some of the smaller 
installations. Two general types of furnaces were used, one of which was 
an adaptation of practice with pulverized fuel, as at Buffalo and Chicago, 
whilst the other was an adaptation from ore roasting and calcining 
practices, as at Detroit, Cleveland, and Minneapolis-Saint Paul. 
Another marked tendency in the United States was towards the use 
of mechanical equipment in connection with sewage treatment. For that 
credit was due to the enterprise of manufacturers who had developed such 
equipment. Typical equipment included self-cleansing screens, grinders _ 
for screenings, automatic devices for removing and washing grit, sludge- 
and grease-removal mechanisms in sedimentation tanks, and stirring 
devices for sludge digestion tanks. Perhaps some plants were overloaded 
with such mechanical equipment, but in large plants where good main 
tenance and operating supervision were exercised, mechanical equipment _ 
was useful and economical. - 
The use of gas from digesting sludge had been an outstanding develop- 
ment during recent years in the United States. The gas was used (a) to 
accelerate digestion by heating digestion tanks; (b) to heat buildings ; 
(c) to operate internal-combustion engines, which, in turn, operated air- 
compressors and pumps and generated electricity. Generally speaking, 
gas-production amounted to about 1 cubic foot per capita per day, but 
some industrial wastes produced greater volumes of gas, as at Peoria, 
Illinois, where almost enough power was generated with sludge gas to 
meet all of the power requirements of the treatment works, including 
pumping and compressing air for bio-aeration. 
The disposal of garbage with sewage was being increasingly tried, _ 
although sufficient operating data were not yet available to demonstrate _ 
fully the economy, or even the entire practicability, of that arrangement. | 
Garbage-disposal in conjunction with sewage-disposal was practised at 
Lansing, Michigan, and at Gary, Indiana. In the former case the ground — 
garbage was introduced into the digestion tanks, whilst in the latter, it 
was discharged into the main sewer near the treatment-plant. There was 
also an increasing utilization of household garbage-grinders arranged to 
discharge finely-ground garbage into the soil-pipes. 
During the past 6 years many sewage-treatment works had been. 
installed as “made work” enterprises, principally under the Federal 
Government agency known as the Public Works Administration, which 
had made grants in aid of up to 45 per cent. of the costs of the project. 
To be effective in promptly increasing the employment of labour, those 
plants had to be designed quickly. That fact had induced a bolder 
attitude in trying new methods and devices, which had resulted in much 
good by way of experimentation on a large working scale. On the other 
hand, there had probably been some financial waste. by 
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The larger and more recent sewage-treatment plants in the United 
States had been constructed with creditable architecture and landscaping, 
_and compared favourably in general appearance with British plants. 
- Mr. H. V. Lawrance considered that it was doubtful whether odour- 
control methods had reduced operation costs. Perhaps the Author would 
care to exemplify methods in which that had been achieved. 

_ Detritus pits had always been found very beneficial and, in fact, 
almost essential in South Africa, where separate systems were installed. 
' Mr. Lawrance believed that it was beneficial to eliminate as much as 
‘possible of the mineral matter from the flow to the sedimentation tanks, 
especially when they had conical bottoms, for if the tank had “ silted 
up”, desludging under hydrostatic head became wellnigh impossible. 
_ When the sludge had to be pumped, it would be found advantageous for 
the avoidance of wear on pump parts and reduction of the pumping head. 
_ to have the sludge as free as possible from mineral matter. 
: The design of a simple efficient sedimentation tank afforded consider- 

able scope for research. Could the Author indicate the methods by which _ 
- short-circuiting and streamlining in the hopper-bottomed tank might 
definitely be obviated ? 
The Author’s requisites of a good percolating filter medium were 
rarely completely satisfied in South Africa, where igneous rocks and 
" quartzites were most commonly used for the purpose. The size usually 
| found most useful was 14-2 inches, with perhaps a bias towards the 
larger material. In providing the medium for some recent percolating 
filters Mr. Lawrance had observed a tendency towards an upper layer, 
_ usually 18-24 inches in thickness, of large stone (say 4-6 inches), a middle 
_ layer of smaller stone (say 13-2 inches), and a bottom coarse layer 12 inches 
thick above the filter tiles. Apparently the object of that arrangement 
was to reduce the accumulation of growths which promoted ponding. It 
_ would be interesting to know whether the Author anticipated that that 
would have the desired effect when treating a settled sewage which had 
not been given flocculation treatment. Was it not probable that fungal 
_ growths would be promoted at the top surface of the middle layer, thus 
- transferring the ponding to a region where it could not be seen ? 
_ Despite the Author’s commendation of stage and alternate filtration, 
~ Mr. Lawrance considered that, owing to pumping costs, a very good case 
~ could still be made out for single-stage purification. When the contours 
- of the site permitted of gravitational feed to the lower unit, stage treat- 
ment might be carried out very cheaply, but in established works it 
would often prove difficult to adapt the units and supply system to a 
stage purification system. 
te 


7 


He would have been pleased if the Author could also have discussed _ 


- the question of materials, especially metals, found to be most resistant to 
attack at purification works. He realized, however, that to discuss fully 
all aspects of the design of sewage-purification works would be beyond 
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the scope of the Paper, in which the Author had furnished a valuable. 
summary of hpese? day practice, 
Mr, F, G. Penny considered that the statement that, “Since the — 
Author and Mr. O’Shaughnessay presented their joint Paper in 1931, 
there has been little progress to record in sludge- -treatment, other than 
the more general adoption of bacterial digestion ”, was misleading i in view 
of the fact that a more modern and efficient system had been in use in — 
England for more than 2 years and had proved highly successful. That 
system had been adopted at Horsham for a small population, and at — 
Halifax for secondary sludge for a large population ;-whilst another large 
plant was under construction at Luton, Those plants were under the 
supervision of distinguished consulting engineers and sewage department 
managers and had demonstrated the following advantages in comparison 
with the use of bacterial digestion and drying beds :— 
(1) Elimination of drying beds completely. 
(2) Sterilization of sludge and liquors removed from it, 
(3) Operation independent of weather conditions, 
(4) Elimination of the danger of foul liquor poisoning subterranean — 
water-supplies. | 
(5) Very small area of ground required for plant, with a consequent — 
saving of land and “ rateable values ”’ in or near large cities, 
(6) No chemicals or fuel necessary, 
(7) Reliability of operation and rapidity of the process, needing only 
a few hours instead of the months required by the “ digestion | 
and drying bed” method, The sludge could be treated while 
fresh and need never go septic in the works, 
(8) In addition to fertilizers, many useful materials could be pro- 
duced from the sludge and the valuable extracts from greases 
were not destroyed, as in fermentation processes. | 
The process consisted of mechanical de-watering in any good type of. 
machine filter after ‘‘ conditioning’ the sludge by means of heat treat-— 
ment. That method of conditioning had proved many more times 
effective than any other conditioning treatment at present known, whilst 
the resultant settlement of the solids was rapid and their separation from 
the liquid was very easy by decantation and filtration methods. Any 
form of filter could be used, but so far filter presses had produced a much h 
dryer cake than had vacuum filtration methods. 
_ That system, which was being developed by Messrs. W. K. Porteous, 
Ltd., was well known in England, and in comparison with the incineration 


for conditioning the sludge would be saved ; (b) the sludge-cake produced 
in the Chicago plant had a much higher water-content than that produced 
by the Porteous plant and the further drying of the filter-cake from the 
latter would therefore be much cheaper, 
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The following extract had been made from a published speech by the 
_widely-experienced Chairman of the Halifax Sewage Committee :— 

“The adoption of the Porteous .process was taken with a certain 
amount of hazard, but at the end of the first twelve months the 
plant had exceeded, not only the expectations of the makers, but 
far exceeded the guaranteed performance and also the expectations 
of the Sewage Manager and Committee. The great thing was 
that the sludge was dealt with and finished within a few houts. 
There is no other system in the world which will deal with humus 
sludge in this way.” 

Mr. Penny considered that, in view of the high standing of the Author, 

it would be a gracious act and beneficial to the whole community if he 
would modify his observations so that they would be less misleading to 
- the uninitiated. 
Mr. C. B. Townend observed that the Author had rendered a service 
in drawing attention to the shades of meaning which should be attached 
to the various analytical tests applied to sewage for the purpose of 
deciding upon the method of treatment to be adopted. That was not 
understood : even to-day it was all too common to find that the strength 
_ of sewage was assessed solely by an analysis of the crude sample without 
_ any consideration of its behaviour during different stages of the purification 
processes. ; 

It was of great importance to have a means of assessing the difference 
' between the effect of two trade wastes, apparently of equal strength, one 
of which had an impurity load capable of being easily and cheaply removed 
_ by plain sedimentation, whilst in the case of the other the oxygen-demand 
had to be dealt with almost entirely by the more difficult and costly 

biological process. 

With regard to the treatment of stormwater, he agreed with the 

_ Author that the results which it was generally desired to achieve in the 

prevention of river pollution would not be attained until purification were 
_ given to larger volumes than at present. The existing practice of giving full 
treatment to three times theaverage dry-weather flow and partial treatment 

to a further three times the dry-weather flow had served quite well in 

‘the past as a rough and ready guide, but such a basis of calculation appeared 

to be illogical and unsound. Two similar towns might have very different 

 water-consumptions and sewage strengths, but in times of storm when a 

_ given flow of, say, 120 gallons per head had been reached in both cases, 

‘the strengths of the two sewages should be about the same. Yet in the 

‘one case, 120 gallons per head might represent only three times dry-weather 

flow whilst in the other it might be as much as six times dry-weather flow. 

What could be calculated to produce greater lack of uniformity than. 
: ndations based in terms of dry-weather flow? Mr. Townend — 
Rivonia suggest that for ordinary inland towns full treatment should be 
eeren. to, say, 100-120 gallons per head irrespective of dry-weather flow, 
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and partial treatment to the whole of the remainder of the sewage arriving — 
at the works, or at least to another 100-120 gallons per head. Other — 
standards would, of course, be necessary where conditions varied, for 
example, if considerable trade wastes were present or tidal water were 
available for discharge. Logically, the degree of treatment should be 
based upon the quality of effluent produced in relation to the river receiving 
the discharge; but it was, perhaps, premature to expect such idealistic 
standards to be accepted in the early future. 

The Author’s comments on sedimentation were very sound. With 
regard to the balancing of the pollution load arriving at the biological 
purification plant, one helpful factor not mentioned in the Paper. might 
come into play on works where special balancing arrangements were not 
possible. The velocity of travel through a treatment plant at any moment 
was dependent upon the rate of flow then being received from the incoming 
sewers. When sedimentation tanks were of several hours’ capacity, the 
weak night sewage would arrive at the biological plant during the morning, 
and would be pushed through that part of the process at a relatively high © 
rate. The strong day sewage, on the other hand, would arrive at the 
biological plant in the late evening, when the rate of flow was much lower, 
and so automatically would receive a longer detention-period. That 
factor did materially assist in smoothing out the rate of pollution-load - 
arriving at the biological plant. 

The Author had shown that the disability of the activated sludge pro- 
cess due to the low rate at which a mass of sewage could take up oxygen © 
could be overcome, in dealing with strong sewages, by increasing th 
volume of well-oxygenated effluent returned with the activated sludge, 
That was a very important point which was becoming widely recognizec ie 
It was already quite common to use volumes of return liquor to the extent 
of 50 per cent. of the sewage flow, and provision should generally be made 
for an increase up to 100 per cent. 1 


oxygen-balance was to avoid coupling aeration-channels or tanks in 
series, and that when sewage entered four short aeration-channels, working 
in parallel, it received an initial dilution with oxygenated water four times 
greater than when the same channels were worked in series. That could 
be true only if it were assumed that the channels were designed definitely 
to produce short-circuiting : otherwise the incoming sewage could not mix. 
with water which had arrived some time earlier: but with short-circuiting, 
other troubles were likely to occur, such as “rising sludge” in the fina 
separating tanks, due to de-nitrification taking place in the presence of 
matter reacting there in a partially purified condition, and that might 
lead to still other remedies having to be adopted. A better way would 
appear to be to avoid short-circuiting altogether by working the channels 
in series, and to obtain oxygen-balance by proper control of dilution with 
returned effluent: « 
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_ The Author in reply, reminded Mr. Escritt that in the Paper stress 
had been laid upon the four-fold function of sedimentation tanks for the 
treatment of crude sewage, namely (1) the separation of settleable solids ; 
(2) averaging variations in strength of sewage; (3) balancing inequalities 
in the daily flow; and (4) the provision of sufficient time for some degree 
of self-purification. Only in dealing with the weakest sewages was the 
time required for the first function sufficient to cover the desirable period 
for the fourth function. Further, the varying nature and condition of 
the sewage itself often provided factors interfering with the perfect flow 
of the liquid and causing disturbance to the settled sludge. For those 
reasons the most important dimension in the design of all sewage sedi- 
‘mentation tanks was the detention-period, which provided for the fourth 
function. That detention-period could be satisfactorily established only 
by laboratory experiments, followed, whenever possible, by a working 
scale experiment. 

Additional emphasis to the need for the determination of that deten- 
tion period had been furnished by Mr. Townend. With sewage of a 
readily fermentable character it might not be desirable to provide capacity 
for more than one week’s detention of sludge in a horizontal-flow sedi- 
mentation tank, or for perhaps 48 hours in an upward or radial-flow tank ; 
but with sewages containing considerable trade-waste of an antiseptic 
character, or where the sewage was subjected to an acid treatment, as at 
Bradford, Yorks., it was of considerable advantage, in the subsequent 
treatment of the sludge, to have ample sludge storage capacity within the 
sedimentation tanks. Asa result of a sludge detention period of 3 months 
in the Bradford sedimentation tanks, it was possible to discharge to the 
presses sludge containing only 80 per cent. of water, in comparison with 
the more usual water-contents of from 92 to 96 per cent. . 

The surface-area theory mentioned by Mr. Escritt could be applied to 
the design of tanks for the separation of humus, and of activated sludge 
from which the sediment was removed continuously, or at very short 
intervals, and which unlike tanks for sewage sedimentation, could be 
regarded as single-purpose tanks. Even in those tanks perfect flow and 
‘settlement was occasionally interfered with by the formation of minute 
bubbles of nitrogen within the deposited sludge, causing flotation of 
particles of sludge. That was one reason why a tank designed to give 
continuous removal of activated sludge or humus was preferable to one 
where the discharge was intermittent. 

"The Author had read with keen interest Mr. Hansen’s comparison of 
American sewage treatment practice with British practice. The three 
principal differences in American as compared with British conditions, 

"were much larger rivers, more copious use of water for domestic and trade 

purposes, and greater extremes in climatic conditions. After due allow- 

ance had been made for those differences, it was gratifying to find much 
similarity in the trend of development and thought in both countries. 


ta 
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The oxygen-consumed determination showed no sign of losing i 
popularity in Great Britain, owing to its standardization in recent y 
and the speed with which its results could be obtained. t 

In experimental work required to check the course of purification at 
different stages of treatment, that test had proved to be valuable at Birn 
ingham and elsewhere, . 

It was particularly interesting to read of the outstanding development 
in the use of gas from digesting sludge in the United States within recent | 
years, as it was from a small experiment carried out by the Author ;' 
Yardley, Birmingham, in 1921, under the direction of Mr. J. D, Watso 1, » 
Past-President, that the use of this source of power began in Great Britain. . 
The Author believed that the works at Ooleshill, Birmingham, designed | 
by him and opened in 1934, was the first sewage purification plant in which | 
all power for activated sludge treatment, sludge and top water pumping, , 
lighting, and heat for sludge digestion was provided for by gas from the | 
digesting sludge. The Coleshill works now treated sewage from a popula- : 
tion of 150,000, ’ 

The acceptance of B,O.D.-removal as a measure of performance was | 
general, but it was recognized in Great Britain that a nitrified effluent was | 
indicative of a higher degree of purification than one which was not | 
nitrified, There was no generally-accepted method of expressing the 
superiority of nitrified effluents in quantitative terms. 

The Author was not aware of any wide use of chlorine in Great Britain 
to oxidize the putrescible matter in sewage or sewage effluents ; although 
chlorine acted mainly as an oxidizing agent in attacking organic substances, 
its common use was as a partial sterilizing agent. Chlorine had been added 
to easily decomposable factory effluents to delay decomposition, but tl 
result had usually been to shift evidence of pollution from the point of 
discharge to a lower portion of the stream receiving such discharge, 
Activated sludge had proved to be highly satisfactory at a number of 
plants as a medium for eliminating part of the sludge-forming matter and 
reducing the strength of strong sewages containing trade wastes. Mr. 
Hansen’s comments as to the unsuitability of the process as a preliminary 
treatment possibly referred to strong factory wastes, or sewages containng 
a preponderating quantity of such wastes in which the initial oxygen 
demand was very high. The Author suggested that, even in those cases, 
partial purification could be satisfactorily effected by maintaining the 
sludge employed in a condition of activity in a separate conditioning 
of ample size. 

The Author assured Mr. Lawrance that in Great Britain odour-control 
methods had, in almost every instance within the Author’s knowledge, 
reduced operation costs at the various treatment works at which they were 
in force. The outstanding example was the Mogden works of the Middle 
sex County Council, where the pre-war value of diesel oil displaced by 
gas in the power-station amounted to £21,000 annually. As the full 
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Operating expenses, including sludge pumping, drying, and tipping 
amounted to only £13,000, an annual margin of £8,000 partly counter- 
balanced the loan charges of £17,000 on the whole of the plant devoted 
to sludge treatment and disposal. Those figures took no account of 
unused gas which might yet be utilized for other purposes, and which, on 
the same basis, was valued at £3,000 annually. 

At Birmingham, where a smaller proportion of the total yield of gas 
was required for power and heat, the cost of sludge disposal had been 
reduced to a fraction of the cost of disposal of crude sludge which was in 
operation before the inauguration of sludge digestion in 1911. It was, 
however, unlikely that equal success would result in countries where 
Climatic conditions favoured the rapid drying of crude sludge, because 
it was in promoting better water-separation and sludge-drying that the 
chief economy of the sludge-digestion process lay. 

Similarly at Minworth and Yardley, Birmingham, where the treatment 
capacity of existing percolating filters had been doubled by interposing 
a partial treatment of the settled sewage with activated sludge, reductions 
had occurred in both operation costs and odour from the liquid distributed 
on to the percolating filters. 

The Author agreed with Mr. Lawrance that much room remained for 
research in sedimentation-tank design, more especially where single- 
purpose tanks, such as those required for the separation of humus and 
‘activated sludge, were concerned. Two of the most important points in 
hopper-bottom tank design were the symmetrical placing of the inlet-box 
in relation to the weirs, the inlet-box being free of internal obstructions, and 


tanks at Mogden. Another form of tank which appeared to have possi- 
bilities for the separation of humus and activated sludge, and with which 
the Author was experimenting, was the circular tank with a tangential 
inlet port described by Messrs. Robert Walton and Thomas Dow Key, 
M. Inst. C.H.* 

The Author had no doubt the alternating double filtration method 
‘would prove economically attractive at many new and existing works of 
“moderate and large sizes. For small installations, where the filters were 
‘often left to take care of themselves for periods of two or three days, 
pumping would be regarded as an added complication, and single-stage 
purification, despite its lower efficiency, would undoubtedly continue to 
be used. ; 
The question of materials used in the construction of sewage purifica- 

tion works seemed to require a Paper to itself. Generally speaking, port- 
‘Jand cement concrete could be safely used in works which received sewage 
containing trade wastes of an acid character, provided that the alkalinity 
eS é 


” 


“works. Journal Inst. O.B., vol, 13 (1939-40), p. 21 (Nov. 1939). 
7 ; ; 


a centrally-placed inlet pipe, such as might be seen in the final separating © 


x Application of Ex rimental Methods to the Design of Clarifiers for Water- 


Pa 
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of the sewage was a sufficient buffer to maintain an alkaline condition 
the sedimentation tanks. Where the risk of occasional discharge of an — 
acid sewage was present, it was advisable to construct all sedimentation- — 
tank inlet and outlet weirs of concrete made with Ciment fondu, or of 
brickwork set in Ciment-fondu mortar. For the same reason inlet baffles 
and scum-plates should be made of Ciment-fondu concrete, and cast-iron 
should be used wherever possible in preference to steel or wrought iron. 
The Author had found copper-bearing steel a useful material for sludge- 
gas collectors, tank inlet boxes, and for other purposes where a light metal 
plate construction was called for. Particular attention should be give 
to the use of corrosion-resisting materials in travelling sewage distributor © 
installations, for it was there that the use of cast-iron supply troughs and 
distributors of non-ferrous metals and copper-bearing steel was most 
frequently worth the higher initial cost in comparison with all-steel 
construction. 

He saw no reason to modify his statement regarding the trend of 
progress in sludge treatment, to which Mr. Penny had taken exception. 
Even three swallows did not make a summer, and the process to which 
Mr. Penny referred would have to show independent records of ar 
and economical work before receiving more general acceptance of the clai 
made by its sponsors. 

The Author welcomed the views expressed by Mr. Townend regarding 
the volume of sewage and storm water which should be subjected to ful 
and partial treatment, and agreed with him that a given rate of flow of, 
say, 100 gallons per head per 24 hours would be a fairer way of fixing the © 
- rate of full treatment for domestic sewage from inland towns, than the 
present practice of giving full treatment to three times the average dry- 
weather flow. The volume of trade waste to be given full treatment should - 
continue to be a separate determination. There were so many pitfalls in 
the adoption of idealistic treatment standards based upon the river re- 
ceiving the effluent discharge, that the Author was content, with Mr. — 
Townend, to leave the discussion to some future occasion. It was true in 
theory, as mentioned by Mr. Townend, that in a sewage works not provided 
with flow-balancing arrangements, the varying velocity of travel of the - 
sewage through the works effected a compensating action by delivering the — 
stronger portion of the liquid to the percolating filters or activated-sludge _ 
plant during a period of the day when the rate of flow was lower, thus 
providing longer time for treatment. 

In actual practice the benefit was not so real as, by diffusion and unequal 
flow through sedimentation tanks of, say 9-2 hours capacity, much averag 
ing of the strength of the sewage occurred, and the impurity load trans 
mitted to the filters or activated-sludge plant became more nearly pro- 
portionate to the rate of flow, as was illustrated in Fig. 5 of the Paper. 

The Author considered that, in discussing activated-sludge treatment 
difficulties, too many major evils had been ascribed to “ short-circuiting ’’, 
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when the real cause had been a bad oxygen-balance at the commencement 
of the aeration channels. “Short circuiting ”’, properly regarded, was an 
unavoidable minor evil in the activated-sludge process, which could be 
counterbalanced in a variety of ways, all of which should be designed to 
keep a close balance between the demand and supply of oxygen in all 
portions of the aeration tank. 


Paper No. 5255. 


“Some Corrosion Tests in a Railway Tunnel.” t 


By Sypney Caries Brirron, M.A. 


Correspondence. 


Mr. T. H. Turner observed that steel rails in tunnels and alongside 
water troughs had a noticeably shorter life than the normal. 

The Paper and the Author’s companion Paper to the Institute of 
Metals, which dealt in greater metallurgical detail with the corrosion of 
non-ferrous metals, covered a field of practical importance to railway 
engineers. 

The outstanding successes in the tests were those with rubber and 
bakelite. . 

The London and North Eastern Railway had found in tunnel tests 
that almost any paint coating was of some value, red lead and tar being 
of more value than most others. To give a datum line for the comparison 
of painted specimens, small panels of unpainted mild steel, stainless steel, 
copper and zinc had been exposed. 

Figs. 8 showed one series of those, inspected in July 1941 after 287 
days’ exposure and subsequent wire brushing, which had been placed in 
Potters Bar tunnel, on the Great Northern main line. This tunnel had 
_a single ventilating shaft in its 1,240 yards length, and had one up and one 
_ down road, both carrying much traffic drawn by coal-burning locomotives. 

The panels were fixed to the wall at about rail level and, as would be 
seen, the stainless steel had pitted to a greater depth than the mild steel, 
copper, or zine, all three of which had corroded fairly uniformly over the 
surface, without special pitting. é 
. Observations were made of the temperature of the tunnel, of the 
composition of the atmosphere, and of the soot from the walls and the 
ballast. from the track. The temperature was warmer in winter and ~ 


ls + Journal Inst. 0.E., vol. 16 (1940-41), p. 65, (March 1941). 
6 


cooler in summer than that of the outside air and ranged from 50° F. to 
68° F, in the measurements. The carbon dioxide ranged from 420 
2,020 parts per million and the sulphur dioxide from 90 to 450 parts per 
million. Only traces of sulphuretted hydrogen were found. The soob 
and the ballast both showed free acidity. 

The metals exposed were analysed and were normal samples, the 
stainless steel containing 18 per cent. chromium, 8 per cent. nickel, an 
0-2 per cent. molybdenum. 

The Author, in reply, observed that he was glad to have Mr. Turner’ 
confirmation of some of his results and of his belief that the results, as a 
whole, were useful. He was surprised by the large quantity of sulphur 
dioxide found in the atmosphere of Potters Bar tunnel. Estimations 0 
the concentration of that gas near ground-level in the tunnels of the 
London, Midland and Scottish Railway had given results similar to. 
those reported in the Paper for the St. Pancras tunnel shaft, where his 
exposure tests had been made, He concluded, therefore, that the 
atmosphere in which the tests were made was one typical of railway. 
tunnels, and that the high sulphur dioxide concentration reported by 
Mr. Turner was due either to some special feature of the Potters Bar 
tunnel or to some difference in the method of sampling, which made 
the figures not comparable with his own. 
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Paper No. 5261. 


“Purther Data concerning Pre-stressed Concrete: Comparison 
abe Calculated Stresses and Stresses registered during 
est.” T 


By Tony JuLEes GUERITTE, B.Sc. 
ADDENDUM. 


In his reply to the oral discussion on the Paper, the Author observed 
(p. 129 §) that it was hoped to carry out, during May 1941, tests of the 
second of the two identical beams constructed in April 1940, the first of 
which was tested to destruction in May 1940, as described in the Paper ; 
thus interesting information would be obtained in regard to the influence 
of creep during the twelve months following the original tests. 

The new tests were carried out on the 30th May 1941, and the 
measurements for loading, deflexion, etc., were registered, as before, by 
a representative of the Building Research Station. The position of the 
recording instruments was exactly as shown on Fig. 21 (p. 109 §), and the 
area of the four jack-rams was again 43 square inches, 


RESULTS OF THE TESTS. 

(1) The first hair-cracks became apparent at 890 lb. per square inch 
_pressure-gauge, which means 
my _ SP =890 x 43 = 171 tons, 
“say 2-26 times the normal superimposed load (8.I.L.), that is, at the same 
‘load as for the beam tested in 1940. Failure of the beam occurred at 
1,460 Ib. per square inch pressure-gauge, which means 
Z. =P = 1,460 x 43 = 28 tons, ieee 
say 3-68 times the normal superimposed load, that is a slight increase in 


"+ Tournal Inst. C.E., vol. 16 (1940-41), p. 91 (April 1941). - 
bY § Page numbers so marked refer to the Paper (Footnote (f) above).~-SHe. Inst. 
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comparison with the beam tested in May 1940, which failed at 3-55 times 


the normal load. 

The residual deflexion shortly before failure was 27 per cent., in com 
parison with 24 per cent. for the beam tested in 1940 at one month old. 

(2) Comparison of Deflecions.—The area of four jacks producing four 
loads P being A = 43 square inches, the pressure-gauge for each P = 1 ton | 


is given by: 2 = 2,240 lb., whence x = 208 lb. per square inch. 


DEFLEXION IN CENTRE oF Beam C: Incues xX 10-4. 


Times super- 


Gauge-pressure: | p: tons, | Beam 1940. Beam 1941. imporea load. Mi 


Ib. per square inch. 


204-206 4 816 1,093 0-527 
389-390 75 1,924 Z| Increase 0-986 
613-620 11-85 3,526 3,600 1:56 
890 17-1 7,900 6,002 2-25 
1,100-1,105 21:2 14,100 13,200 1, 2-79 
1,200-1,215 23-2 29,200 20,000, ~ccrease 3-06 
1,300-1,306 25-04 40,100 31,200! 3:3 


The foregoing Table shows that in the new tests the deflexions we: 
found greater up to 1-56 times 8.I.L., but smaller from that load up to 
near the failure load. 

This is explained by the fact that up to 1-56 times 8.I.L. no important } 

tensile stresses occur, and as the pre-compression decreases slightly through _ 
creep and shrinkage, the deflexion increases. a: 

In the higher stages of loading, where tensile stresses in the concrete — 
are more decisive, the increased tensile resistance acquired by the concrete 
in the course of the further 12 months reduces the deflexion correspondingly. 

For the normal superimposed load upon which calculations are made, 
that is, for the stage (approximately) XP = 7-57, the alteration of the 
ratio m is obtained as follows : | 

Fig. 32. 


1:25 ton-feet ‘1x 28.7 ton-feet 
4 


For P = IT, 
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2 
Be8p = {2-0[5 x 2 x 1-25) + 9:5[5(2 x 1-25 + 6) + 14-5(2 x 6 + 1-25)] 


4. 9-0[14-5(2 x 6 7) + 14-5(2 x 7 + 6)]} = 3,385. 
For P = 1 ton, E,f6p = 1,128-3 ton-feet3. 


om 
> Kor P = —? = Xt, I = 7,070 inchest = iA feet+. 
4 20,736 
AE, = 3,310. x( 2 -;| ton-feet. 
Sp pi 


AE, denotes alteration of Young’s modulus ; 
5, denotes deflexion-test 1940; and 
5; denotes deflexion-test 1941. 


For (approximately) the normal load, 


Gauge-pressure : 389-390 lb. per square inch. 


eee ne 
, ; ‘ 
AE, = 3,310 X 1-88 x lot x 12 104 x 12 
1,924 2,207 


= 51,500 tons per square foot. 

= 357 tons per square inch. 

_ 184, 
100 


€ 


Therefore the alteration of m, 
‘ m 15:5 
= ——™, 


a earls. ai 100 


Thus, at the end of one year, for the stage of the normal superimposed load 
the ratio m has increased from 5-05 to 5:85. 

The decrease in the preliminary steel stress induced during the pre- 
stressing process through deformation, had been found by calculation to 
be 18 per cent., the calculation being based on a value of m = 15. 
Consequently the decrease evidenced by the test is not more than 
one-third of the possible loss allowed for in the calculations. 

These tests of a pre-stressed beam 13 months old show conclusively 
that the fears expressed in some quarters of a dangerous effect of creep 
and shrinkage are not justified, and that the allowance made in this respect 
in the design of these beams was amply sufficient. 

In addition, as Dr. K. W. Mautner has pointed out, it must be remem- 
_bered that the calculation takes into account a uniform shortening by, 
' respectively, shrinkage and creep of 


0-25, 050 | 
1,000 * 1,000’ 


ee 


- loading, but not regarding safety or behaviour at failure, which was, 


— unstretched high-strength steel as reinforcement, which had been referred 
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this, of course, cannot be checked by deflexion, but it is considered that ; 


. 


the value 
’ 


; 0-39 
been given as i 


The following corrigenda relating to the original Paper in the April | 
1941 Journal have been intimated by the Author :— 


(1) Fig. 19, facing p. 108 §, should be turned 90 degrees clockwise. 
(2) P. 115 §, line 22: for “ pre-stresses ’’, read “ real stresses.” 


Correspondence. 


Dr. Paul Abeles observed that in the discussion on the Paper Mr. C. KE. | 
Reynolds had referred to his propositions regarding combinations iy 
unstretched reinforcement with high-strength pre-stressed steel, (p. 125 §), — 
whilst the Author (p. 132 §) considered that they “‘ would merely interfe e 
with the advantages of the Freyssinet process.” The results of tests — 
on several beams of the same dimensions and reinforcement (high- — 
strength wires), but of different degrees of pre-stressing?, were given — 
in Table IV (p. 527, post). It was evident that the load at failure 
was nearly the same whether the wires had been stretched to a smaller — 
or a greater extent. Therefore, the ultimate load depended only upon — 
the yield-point, or upon that stress which replaced the latter (in the — 
case of high-strength steel), causing failure. The behaviour of the single — 
beams (their deflexion), dealt with in Table IV, was, of course, different 
and depended only upon the degree of pre-stressing. With a small — 
stretching force, the deformation was much greater than with a large one, H | 
at a stage with cracks in the first case and a still uncracked section in — 
the latter case, but the factor of safety was, in all cases, the same and | 
identical with that of a beam with unstretched reinforcement. In that 
connexion reference should be made to Figs. 29 (p. 133 §), which demon 
strated only a comparison at the stage of the assumed permissible | 


according to the above explanation, the same in either case, assuming 


that the same reinforcement was provided. With regard to the use of 


to in the Discussion on the Paper, Dr. Abeles observed that as 
technical adviser to the Austrian Spun Poles Works, he had had 
the opportunity of making tests on spun poles, reinforced with high 
tensile steel of various strengths. Extensive tests had been carried — 


* “Studies in Reinforced Concrete. III; The Creep or Flow of Concrete unde 


Load.”” Technical Paper No, 12, Department of Scientific and Industrial Research | 
p. 35. 


* KE. Hoyer, “‘ Der Stahlsaitenbeton”’ (‘ String-wire Concrete”). Berlin, 1939. 
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out with a Siemens-Martin special steel, which had proved very advan- 
tageous in combination with the good quality of spun concrete. Hx- 
periments and special studies were necessary in order to ascertain whether 
such a high-strength steel caused cracks of dangerous width from the 
point of view of rusting!. Other tests had been carried out on rectangular 
beams, reinforced with such a high-strength steel, to ascertain whether 
that reinforcement would be as suitable in normal reinforced-concrete 
construction as in spun concrete?. The steel used had a yield of about 
0:3 per cent. at a stress of 39-43 tons per square inch, corresponding with 
an elongation of 0-4 per cent. (permanent elongation 0-2 per cent.) and an 
ultimate strength of 71 tons per square inch (ultimate elongation 11 per 
cent.). Four concretes of different strengths were used. Table V showed 
the results of some of those tests (cross-sections of beams 8 inches by 
9 inches, span 8 feet, loaded by two single loads in a distance of 3:3 feet). 
The values in that table had been obtained from average values of two 


; M. 
specimens each. The theoretical steel stresses at failure fy,4= eae 
t 1° 


. t tf 
had been computed with m=15. The ratios oa and a had been 


y y 
added in Table V, demonstrating the extent to which the yield-point, 
which was the basis of the design, had been exceeded (vax = 7 a= ). 
The second ratio represented the limit that the lever-arm between tensile 
and compressive force was equal to the distance between the reinforcement 
and the extreme fibre at the pressure zone, which assumption, although 
practically impossible, agreed very well with test results. 

The factor of safety depended mainly upon the reinforcement so long 
as the percentage was small. The permissible steel-stresses were based. 
upon the yield-point. For instance, with a steel stress of 20,000 lb. per 
‘square inch, corresponding to a mmimum yield-point of 40,000 Ib. per 
square inch, with mild steel, a factor of safety of at least 2 was ensured. 
The actual factor of safety was generally higher, since in most cases the 
-yield-point, especially with smaller diameters, was higher than 40,000 lb. 
per square inch, whilst a further increase in the factor of safety occurred 
owing to test results dependent on the quality of the concrete and the 
percentage and properties of the steel. But it was possible that, using a 
steel with a yield-point of only 40,000 Ib. per square inch, and concrete of 
poor quality, the factor of safety was actually not more than 2 or 2-22 


1 P. Abeles, “ Die Rostgefahr von Hisenbetonkonstruktionen bet Rissbildwung”’ (* The 
Danger of Rusting of Reinforced Concrete Structures following the Formation of 
Cracks ’’), Zement, 1937. 


2 P. Abeles, “ Versuche mit Rechteckbalken, bewehrt mit besonders hochwertigem Stahl” 


(“Tests on Rectangular Beams reinforced with especially High-strength Steel’’), 
- Beton and Eisen, 1937 ; “‘ Hlastizitat des Betons”’ (‘‘ Elasticity of Concrete”), Zement, 
1937. 
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with a permissible stress of 20,000 Ib. or 18,000 Ib. per square inch Te- 
spectively. Table V showed that in the special case the excess might be — 
even 50 per cent or more. Several reasons for such an exceptional excess 
had already been given by Dr. Abeles!. One possibility was of special 
importance in the case of high-tensile steel, namely, that within the cracks — 
much higher stresses than the yield-point or its substituted stress might _ 
occur shortly before breaking. Particularly with high-strength steel the 
yielding was connected with an elongation small in comparison with that — 
of mild steel. Thus it was possible that within the cracks high steel — 
stresses arose, and that in the portions between the cracks the concrete 
tensile zone still partly co-operated. 1 
Investigations were made to ascertain whether the width of cracks was — 
such as to cause danger from rusting. Those tests revealed that the — 
largest cracks in concrete reinforced with mild steel under the usual 
permissible stress might attain a width of up to 0-01 inch; and that © 
width should not be exceeded, in order to avoid danger of rusting. Both — 
practical experience and test results had proved that in order to avoid — 
rusting it was very important to use a concrete of very high density, and — 
not only, as was sometimes supposed, to reduce the steel stress and 
increase the concrete cover. The widths of cracks in the tests covered by 
Table V were carefully measured with precision instruments. Table VI — 
_ showed some results of those measurements. The connexion between the — 


M } 
greatest crack-width and the theoretical steel stress, ¢ = PAPE hoe = 15) 
t-@1- iy 


in beams 22a and 24a was shown. It might be assumed that a straining — 
with a minimum crack-width of only 0-005 inch, measured in the normal 
bending test, could be taken as a basis for the permissible stress. Such _ 
a width corresponded, according to Table VI, with theoretical steel — 
stresses of 53,500 Ib. and 33,000 lb. per square inch for the smaller and — 
the greater percentages respectively. With a permissible steel stress of | 
44,000 Ib. per square inch (that was, half the yield-point), the practical _ 
application of such a high-strength steel would therefore be possible and _ 
suitable only for small percentages, a high strength of the concrete being _ 
ensured. Although a considerable saving of steel would be possible, the 
practical use of high-tensile steel designed with a stress half that of the _ 
yielding stress, was therefore limited considerably. ; 
There could be no doubt that in stretching the reinforcement, the 
behaviour of the reinforced-concrete structure at loading stage was 
improved considerably: that could be realized from the reduction of 
deflexion in consequence of increase of the stretching force. A homo- 
geneous section in the stage of loading, according to M. Freyssinet’s 
proposition, undoubtedly represented great progress in reinforced-concrete 


1 “Plastic Theory of Reinforced Concrete Design.” Proc. American Society of | 
Civil Engineers, June 1941. 
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construction, and the extent to which that new solution might be applied 
was only a question of economy. 

Freyssinet’s method was characterized by both the high stretching stress 
and the amount of stretching force to be chosen. The high stretching stress 
caused a considerable stretching stress to remain at the loading stage even 
after reduction of that stress, owing to elastic deformation shrinkage and 
creep (for which a value of 40,000 Ib. per square inch might be taken into 
account), whereas with lower stretching stresses the whole stretching — 
effect became ineffective. On the other hand, the total stretching force 
had to be of such a degree that a crackless, homogeneous structure was 
obtained at the loading stage after shrinkage and creep, which was possible 
only if in that stage no concrete tensile stresses, or only very small ones, 
arose. In order to ensure such an effect, the reinforcement had to be 
stretched considerably. In Freyssinet’s method, the necessary high 
stretching force caused considerable concrete compressive stresses to arise 
when the force was released upon the concrete, and that required both an 
increase in the concrete section at the tensile zone where those compressive 
stresses arose, and a concrete of high strength after a short time of 
hardening. 

The situation was quite different if Freyssinet’s condition of producing 
a homogeneous building material were abandoned and only a part of the 
reinforcement were stretched with a high stress, thus ensuring that the 


| stretching force was not reduced to zero after shrinkage and creep!. In 


that case the stretching force could be reduced materially. That had 
two advantages: firstly, an increase of the concrete section at the tensile 
zone was avoided, and the compressive stress acting upon the concrete 
on releasing the stretching force was reduced, as against Freyssinet ; 
‘secondly, ‘simple devices could be applied for performing the stretching 
process, provided the stretching force were not too great (for example, an 
expansion screw similar to a jack for lifting). 

Tests on beams reinforced with pre-stressed wires and unstretched 
reinforcing bars had proved that failure was caused-by the wires of medium- 
commercial strength (connected with a very small elongation) achieving 
their ultimate strength, and the unstretched reinforcement (mild steel and 


mediuni strength steel such as Isteg) achieving its yield-point?. The idea 
which led to that combination was the replacement of the ultra-strength 


wire, as used for pre-stressing, by wire of medium strength, with the 
addition of unstretched bars of usual strength, in order to allow higher 
stresses for the normal reinforcement. The stretching process was carried 


1 P, Abeles, ‘‘ Saving Reinforcement by Pre-stressing,’’ Concrete and Construc- 


- tional Engineering, July 1940 ; and Discussion between Dr. K. W. Mautner and 


Dr. P. Abeles, Jbid., February 1941. pat 
2 *Dr. F. Emperger, “ Stahlbeton mit vorgespannien Zulageeisen aus héherwertigem 


a 
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‘Stahl ,” (“ Reinforced Concrete with Pre-stressed additional Reinforcement of Higher- 
grade Steel’), Berlin, 1939. Reviewed in Beton and Hisen, No. 2, 1940. 
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factor of safety. Bearing that in mind, it was possible to énsure the | 
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out before the concrete was produced, since a good adhesion between 
concrete and stretched wires was taken into account. Dr. Abeles con= 
sidered that those test results opened a wide prospect, especially with th t 
use of higher-strength steel (in the tests medium-strength steel was called — 
higher-strength steel) for both stretched and unstretched reinforcement, — 
Two ways were possible: stretching before concreting (pre-stressing) and - 
after hardening (post-stressing). i 

From Table IV it would be realized that the resistance at failure re= — 
mained the same whether the reinforcement was stretched or not. Table — 
VII showed the steel stresses at failure for pre-stressed beams, not taking — 
into account the stretching force, on the basis of test results computed — 
for a lever-arm d (a, = 1). In that Table, tests according to Table IV, — 
with an average value of the breaking moment, as well as tests shown ir - 
the Author’s two Papers were included. The computed ultimate steel 
stresses agreed very well with the stresses of the used wires which arose at _ 
an elongation of about 1 per cent. According to some results, those stresse | i 
corresponded with failure—except the beam of 16 feet 3 inches span — 
(Paper of July 1940), in which case the computed stress was higher than — 
the steel strength. The discrepancy in that case might be explained by ~ 
the fact that only a single load, in the middle, was applied. Experience } 
had proved that a single load was connected with a much higher ultimate — 
moment, owing to a better stress-distribution and a rapid decrease of the } 
moment, than was obtained with two point-loads. 

The Author was correct in asserting that the degree of safety ought — 
actually to be based upon the ratio of superimposed load at failure and — 
permissible superimposed load. But it had been the practical usage to 
consider the ratio of the ultimate load and permissible total load as a 


q 


to Freyssinet, guaranteeing a crackless section at the loading stage, and” 
on the other hand, in a structure of the same depth and with the same area _ 
of tensile reinforcement of high strength, but unstretched, according to the 
proposition of Mr. Andrews, in which section a considerable cracking was 
_ to be expected at the loading stage. A third way, that of Dr. Abeles, was 
_ to use the same quantity of high-strength steel as in either of tle other 
cases, but to stretch a part of it (for example, one-third), thus producing _ 
a counter-bending, which reduced the bending moment at loading stage, | 
and a pre-compression in the concrete and unstretched reinforcement, 
which imparted straining, influenced the structure favourably, and reduced _ 
the straining at the loading stage, thus avoiding cracks of unpermissible 
width. It was also possible to combine pre-stressed high-strength wires 
with unstretched steel of lower strength, but that solution was less _ 
favourable from an economical point of view. M. Freyssinet had also 
indicated the possibility of combining unstretched reinforcement with 
stretched bars: but for that alternative it was necessary to secure a homo- 


same factor of safety, on the one hand, in a stretched structure according 


; 
io "3 x= 
Lae AP. Ota nA 
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eneous structure at the loading stage. The stretching force, which was 
required to reduce the concrete tensile stresses, arising at loading to a total, 
corresponding to a crackless section, should not be reduced, although the 
reinforcement in such a section comprised also unstretched bars. In 
reply to the Author’s assertion that such a solution would merely interfere 
with the advantages of the Freyssinet process, Dr. Abeles agreed that that 
statement was correct regarding a Freyssinet solution because of the 
economical disadvantages due to the cost of unnecessary additional un- 
stretched reinforcement, and it was also correct, literally, so far as Dr. 
Abeles’s propositions were concerned, because in that case by reducing the 
steel area and stretching force no homogeneity was ensured, which was the 
main feature of the Freyssinet method: but he considered that such 
homogeneity was not necessary in normal buildings. 

The Freyssinet method should be especially advantageous and suitable 
for structures such as tanks, which ought to remain crackless when loaded ; 
for structures of such span, to which reinforced-concrete construction had 
not yet been applied ; and for large buildings and great numbers of units 
of not too small dimensions. The process of manufacture was rather 
troublesome, and complicated devices were required for applying the 
stretching process, so that in normal structures the cost of increased labour 
might be greater than the saving of steel, as had been stated by Dr. Faber. 
Several methods of production had to be considered according to the ex- 
planation of the Author. The structure could be produced in single 
sections by a process of vibration, compression, and heating, the welded 
steel being also stretched in sections according to the first method of 
construction laid down by M. Freyssinet ; only in that case the lengths of 
the reinforcement bars could be reduced correspondingly with the moment, 
Another way of arranging the reinforcement was illustrated by a 64-foot 
span beam consisting of thirteen single elements with holes for the pre-stres- 
sing cable, the stretching process being performed for the whole structure. 
The stretching process after hardening could be carried out in a similar 
way according to the example of bridge construction described in Figs. 22 
and 23 of the Author’s Paper of July 1940. In a third method of pro- 
duction, with pre-cast units, very long wires were anchored at their ends 
and stretched, the concrete being manufactured in the normal way. The 
‘wires could not be cut before the concrete had developed a rather high 
‘compressive strength greater than the stress, which arose when the 
_ stretching force was released upon the concrete, According to M, Freys- 
‘sinet’s descriptions, other applications of his method were possible, but 

they seemed to be less advantageous than those referred to above. 
Table VIII showed a comparison of three beams, all of the same depth 
and reinforcement (high-strength wires with a proof stress of, say, 85 tons 
“per square inch and a strength of 100 tons per square inch according to se 
the Author). The ultimate moment was the same in all three CASES ; the 
“permissible loading was assured at half the ultimate loading (factor of 
 - . 


.- 
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safety 2). In the summary the three possibilities of unstretched, partly- 
stretched and fully-stretched reinforcement were compared, and their ' 
different behaviour was indicated. Only the tensile reinforcement had 
been taken into account, and not an upper reinforcement which was 
required on release of the stretching force on the concrete. Reductions in 
the steel stress of 10,000 lb. and 40,000 Ib. per square inch for elastic 
deformation, shrinkage, and creep had been taken into account for the 
stage of releasing the force and at loading respectively. It would be 
very interesting to have such a comparison proved by tests. With the 
Freyssinet method the whole reinforcement had to be arranged along 
the whole,structure and overlengths for the stretching had to be taken — 
into account ; but in partly pre-stressing the unstretched reinforcement 
could be arranged with shorter lengths in accordance with the moment- 
distribution. Thus it was possible to reduce the steel consumption 
from, say, 1:05 A (where A denoted the steel area, and a factor of 5 


Au a es j 
per cent. for overlength was allowed) to, say, 1-05 313 x 44 = (0:35 


+ 0-50) 4 = 0-854 (assuming that the unstretched reinforcement could 
be reduced to 3 on the average according to the moment distribution). 
That comparison showed that by a solution with partial stretching, thus 
differing in principle from the Freyssinet method, not only were thi 
advantages enumerated above achieved (reduction in stretching force and 
reduction of straining on release of the stretching force upon the concrete), 
but also a saving of steel of about 20 per cent. was possible, assuming tha 
the same reinforcement material was provided in both cases. In compariso: 
with an unstretched concrete of ultra-high-strength reinforcement, partia 
stretching had the advantage of avoiding excessively large cracks, thus - 
rendering possible the practical application of that ultra-strength in rein- 
forced concrete, resulting in economical advantages and a saving of steel. 
Dr. Abeles considered that partial pré-stressing by his method was most, 
suitable for small structures, especially pre-cast units in which the stretch 
ing could be carried out by hand in one operation by means of simple — 
expansion screws, preferably arranged one behind another, or one beside 
another. With high stretching forces mechanical devices had to be 
applied, and in such cases the cost of the stretching process varied to a 
smaller degree whether great or small forces had to be applied. On the — 
other hand, smaller stretching forces gave the advantage of a smaller 
straining of the concrete at the time of release of the stretching force on th 
concrete. 
Dr. Abeles concluded that the prospects of concrete construction 
reinforced with ultra-high-strength steel were great, and could be increased 
by improving the behaviour in pre-stressing by stretching—according t 
Freyssinet’s method—and guaranteeing a homogeneous crackless section, 
or by partial pre-stressing, avoiding cracks of greater width than wer 
usual with reinforced concrete. 
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TasLE IV.—Resutts or Tests on Pru-StRESSED BEAMs. 
ee 


Stretching Stretching stress : Deflexion in the 
: force : lb. Ib. per square inch. F centre of span : 
Specimen. Crack- | Ultimate inches, 
E load : lb. | load : Ib. 
Upper Lower Upper Lower |’ at at 
side. side. side. side. cracking. | failure. 
1 0-219 4-33 
636 4 
2 14,220} 3,020 11,200 0-252 4-33 
3 4,170 0-366 4-134 
4 2,544 56,880 3,980 11,100 0-294. 4-134 
318 — 14,220 ee ee a eee 
5 o 0-646 4-055 
6 5,088 113,760 | 5,510 11,000 0-626 4-055 
7 6,860 0-482 3°62 
3 7,632 170,640 6,500 11,600 0-403" 3-62 


rn 

Beams of depth 8-28 inches, and of width varying between 1-58 inch and 3-73 
inches (see section in Table VII), reinforced at the upper side with six wires 0-069 inch 
diameter and at the lower side with twelve such wires of an ultimate strength of 
370,000 Ib. per square inch (165 tons per square inch), and a limit of proportionality 
of 342,000 lb. per square inch (152 tons per square inch). Two beams were loaded 
together (span 13 feet 1-5 inch and two loads were applied, each at a distance of 3 feet 
3 inches from the support, the load being distributed in four points on either side). 
The total tensile reinforcement was 0-04464 inch?. 


TABLE V.—Tests on RECTANGULAR BEAMS REINFORCED WITH UnstrRetcuEp HicH- 
TENSILE STEEL. 


Yield-point Cubic Theoretical steel stress 


oy slates at failure. Ratio. 
; Percent - : j 
Specimen. | age 100 p. tulste ult. a a 
lb. per square inch. ey a 
lb. per square inch. 
7 4 0°38 99,200 2.060 - 109,500 99,000 1:15 1-04 
5 0-85 91,000 75,500 65,500 -0:83 0-72 
y 22 0-38 95,200 145,500 131,600 1:53 1-385 — 
23 | 0-85 91,000 8,400 129,200 112,100 1-42 1232 
24 * 1-50 87,000 ; 104,500 87,600 1-20 1-007 


TapLE VI.—CoNNEXION BETWEEN CRACK-WIDTH AND THEORETICAL STEEL STRESS 
tn SpEcIMENS 22a AND 24a or TESTS ACCORDING TO TABLE V. 


Theoretical steel stress ¢: lb. per square inch. 


Crack width : inches. 


Specimen. Crack- 

. beginning. 0-05 0-01 0-02 | 0:03 0-04 
22a | 52,000 | 53,500 | 63,000 | 78,000 | 91,000 | 103,500 
a 24a 19,000 33,000 | 44,000 65,000 81,000 96,000 
*t at 
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Taste V1II.—Srexet Stresses aT FAILURE IN PRE-STRESSED STRUCTURES, 


Bendng moment M owing to : 
; Ultimate 


Ultimate : nee stre: 
nest. _| Shape. 2ea | mae tee ae 
load. 
ton-feet. 
Beam according 
to Table IV, A 0-19 4-01 4:20 
span 13-1 feet. 
Freyssinet 62-foot; 
beam, span 61 B 30°6 381°4 412 
feet. 
Freyssinet South- 
all test-beam, 7-83 91-71 99-54 f 
span 28 feet. 
Freyssinet, 16°25- 
foot girder 
(July 1940 D 2-4 108 
Paper). 


* Wire of 165 tons per square inch strength and of a limit of proportionality 
152 tons per square inch. 

+ Weldable silicon manganese steel of a strength of 65 tons per square inch and 4 
limit of elasticity of 40 tons per square inch. 

{ This moment has been computed on the condition that it is 3°55 times 
moment of the permissible superimposed load (p. 114 §). 

** Hard-drawn wire of a strength of 100 tons per square inch and a proof stress 
85 tons per square inch, 


be -----3-4¢--------> 
45° 
Y 


§ Ibid. 
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TasLe VIII.—Comparison or THREE I-sHaPED BraMs witH HigH-STRENGTH STEEL- 
REINFORCEMENT OF THE SAME CARRYING CAPACITY AT FAILURE. 


Reinforcement fully pre- 
stressed according to 
Freyssinet method. 


Tnitial stretching 


force in Ib. 32,200 
Stress tstro in lb. 

per square inch. 171,000 
Stretching force 

F’, in Ib. 30,300 
Stress ?’st7o in Ib. 161,000 


per square inch 
at release of the 
force upon the 
concrete. 


Concrete compres- 


sive stresses at 30,300 . 30,300x6 


release of the | “”2— 57 =~ 196 
_ stretching force 
on the concrete =532-+928= peels 1460 
(homogeneous 396 
section) : lb. per -+-denotes pressure. 
square inch. — » tension 
Behaviour of Owing toa large counter- 
beam at re- bending moment a large 
lease. counter-deflexion arises, 


high compressive stresses 
acting at the bottom 
(normal tensile zone) 
and considerable tensile 
stresses at the upper side. 


24,600 Ib.(+) 


Stretching force. 
131,000 lb. per square 
in 


Stress at loading. 


ch (*) 
Concrete compres- 228,000 by 24,600 _ 
sive stressesat | “= ~ 196 57 
: loading in ho- 6 
mogeneous sec- cele: =1163+432 
tion. —753=842 
conditional equation : 
tension =0~— 1163 -+- 
4324-753=23 (7) 
Concrete com- 
pressive stres- a 
ses at loading 
in cracked sec- 
_ tion. 


Reinforcement partly 
pre-stressed. 


10,730 
171,000 


10,100 


161,000 


C152=4(532-+ 1,460) 


{7 487 (pressure) 
= 132 (tension) 


In consequence of re- 


duction of the stretch- 
ing force, the stresses 
and the counter deflex- 
ion are reduced con- 
siderably. 


8,200 lb. 
131,000 Ib. per square 


inch. 


228,000— 8,200 x 10°24! 
c= «S516 
2-76 


Reinforcement 
unstretched. 


No straining 


occurs in an 
unstretched 
structure 
at that age. 


co 228,000 


351-6 
2:76 
=1790 
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TABLE VIII.—ComPaRISON OF THREE I-SHAPED BEAMS WITH Hich-STRENGTH STEE 
REINFORCEMENT OF THE SAME CARRYING CAPACITY AT FarmurE—continued. 


Reinforcement fully pre- Reinforcement partly Reinforcem: 


stressed according to pre-stressed. unstretched, — 
Freyssinet method. 


Behaviour of | The straining is greatly The straining is greater | High con- 
beam at load- reduced as against re- than . with full pre- | crete stres- 
ing. leasing stage ; the de- stressing, but smaller | ses, great 

flexion is nearly zero. than without pre- | deflexion, — 
No cracks. stretching. The de- | large cracks. © 
flexion is much smaller i 


than with an un- 

stretched section ; the i 
crack width is reduced 
as against unstretched 
stressing. 


Statical values: d=13 inches; Az—0-1884 square inch (six hard-drawn wires, wi 
full pre-stressing all stretched ; with partial pre-stressing onl 
two bars stretched). Homogeneous section: A=57 in.*, J= 
1372 in.*, Z=196 in. Cracked section, calculated with m=15: 
n=2-76 in., a=12-1 in., J=351-6 in.4, A=19-78 in.*, lever 
arm between reinforcement and centre of gravity 13—2-76 
=10-24 in.; weight 57 lb. per foot. : 
Muyt.=0-1884 X 12-1 x 200,000=456,000 Ib.-in. Mperm= — 
228,000 Ib.-in. It corresponds to a uniformly distributed load 
of 380 Ib. per ft., assuming a simply-supported beam of 
span of 20 ft. Shearing-stress only 125 Ib. per sq. in. in such 
a loading. 
The conditional equation (2) has been put on the conditio 
that no tensile stresses should occur at loading which gives a 
possibility of computing the stretching force (1) at loading and- 
by knowing the stretching stress () to calculate the initial 
straining and that at releasing the force on the concrete. Af 
OIA SAI TI (8) This stress can be reduced considerably by a slight altera- 
) ane Tl tion of the section (increase of the compressive zone and ~ 
decrease of the tensile zone) without any change in the concrete _ 
area and weight. That is possible since with partly pre-_ 
stressing much smaller stresses arise than with fully pre-stress-) 
ing at the stage of release of the stretching force upon the 
concrete, for which latter loading in a fully pre-stressed 
section owing to the high concrete compressive stresses, & — 
_great area at bottom (normal tensile zone) is required, which is | 
not necessary in the case of partly pre-stressing. 


= 


— = — —- D4" - + 


Mr. Delwyn G. Davies considered that pre-stressed concrete was the 
most rational method of utilizing concrete and steel yet discovered. He _ 
believed that the complicated system at present adopted for pre-stressing 
the steel would be so improved and simplified that this new material _ 
would undoubtedly become a serious competitor of ordinary reinforced — 
concrete in the structures of the future. Its value for beams of large 
spans had been stressed in the discussion, but it also had great possibilities 
in the realm of roads, if only to prevent surface cracks, and in small pre-cast 
units where both weight and strength were of premier importance. In 
that latter respect pre-stressed concrete was an entirely new material which 
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had, in terms of present reinforced-concrete standards, a comparative 
weight of about 80 lb. per cubic foot. There was an opportunity for the 
initiation of new British Standard concrete beams and pipes on the lines 
of the familiar steel products. , 

One of the weaknesses of ordinary reinforced concrete was the initial 
tension in the concrete, due to its shrinkage under the restraint of the 
steel opposing compression. Cracks were therefore in the embryonic 
stage before the formwork was removed. In the pre-stressed system those 
stresses were beneficially reversed. 

Although the stresses in the hard steel reinforcement appeared high, 
the small fatigue range between dead and normal loading indicated a high 
factor of safety. Taking the fatigue range at repetition limit as two-fifths 
of the ultimate strength of 100 tons per square inch, then the factor of 
safety for a fatigue range from 51-8 to 56:3 tons was over 4, and in 
excess of that for the mild steel of the Author’s equivalent ordinary beam. 
Bearing in mind that the hard steel was remarkably well protected by the 
crack-free concrete in comparison with ordinary concrete and the cables 
- of a suspension bridge (with a factor of safety of 3 to 3-5), the steel stresses, 
if anything, erred on the safe side. 

In contrast it was surprising to learn that the admissible concrete 
stress on the continent was as high as one-third of the test-cube strength 
at 28 days. Whether that applied only to pre-stressed concrete, and not to 
concrete work generally, was not clear from the Paper. It was in excess of 
British practice, however, with a ratio of 1 to 4:5 in the case of the 
Southall test. As a test-cylinder of height/diameter ratio of three or more 
was more typical of practical conditions, the continental factor of safety 
of 3 was reduced to about 2-5, but experiments had also shown that 
the strength of concrete varied inversely with the size of the specimen, 
that of a 12-inch cube being only 85 per cent. of a 6-inch cube. The 
factor of safety was thereby reduced to 2 at 28 days for large 
sections. ’ . 
_ The Author’s stress analysis had been the serious study of many of 
the younger members of the profession. There was, however, one point 
that had suffered from condensation. The Author might show in more 
detail why and how he arrived at the two different values each of f, and f, 
in the principal stress formula fy 2 = 3( f, + Dye V (fe — ite een 
particular those in the first brackets. 

Although it was difficult at the present time to assess the relative cost 
of pre-stressed concrete and standard steel pipes, it would be very helpful 
to those interested in waterworks design if the Author could indicate that 
relationship on, say,a pre-war basis, and throw some light on how such pipe 
_ joints were made. watertight—whether, for instance, unorthodox methods 


i 


were employed for jointing. 


_ Mr. H. C. Husband observed that although the Paper was primarily | 
intended to be a comparison between calculated stresses and stresses 


! , 


g 
a 
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registered during the testing of large-scale test beams constructed of 
pre-stressed concrete, comparison was also made in the Paper of the 
relative merits of normal reinforced concrete and the pre-stressed type of — 
construction of which the Author was so able an exponent. ' 
More comparative tests were desirable on as large a scale as possible, 
between beams and other structural members designed with different — 
degrees of pre-stressing, and similar members for similar duties having 
the same factor of safety, designed in accordance with the usual — 
assumptions made in designing ordinary reinforced-concrete structures, — 
The present time might not seem the most appropriate for large-scale — 
experiments in building technique on account of the shortage of steel 
and other materials required for the test specimens and testing equipment, — 
and there was also the question of the present employment of most engineers — 
on urgent war work.. On the other hand, advantages of such importance — 
were claimed for the pre-stressing method of reinforced-concrete design 
and particularly in relation to high framed buildings, that it appeared — 
desirable for those engineers who would probably be very fully employed — 
on reconstruction work immediately following the war, to be able to decide” ; 
and economy, consider the adoption of pre-stressing methods 
construction. | 
The principal advantage of the pre-stressed system was, undoubtedly, — 
saving in dead weight, which appeared to Mr. Husband to be of greater — 
importance than possible saving of cost in individual members. The — 
disadvantages were equally obvious and might be more serious from the — 
practical than the academic standpoint. Si 
A possible disadvantage of pre-stressed members in building con : } 
struction, not mentioned in the discussion, seemed to Mr. Husband to be 
a reduced degree of safety in the event of fire. Fire resistance had always — 
been a strong point in favour of normal reinforced-concrete construction, 
and the results of practical tests on pre-stressed members subjected t 
severe local and general rises in temperature would be of great interest. 
The Author had suggested that shrinkage and creeping after 20 months — 
would be negligible, but Mr. Husband considered that a dangerous assump- 
tion to make without the support of very adequate long-term test results — 
on pre-stressed specimens—possibly extending to 10 years or more 
_ unless means of artificially accelerating the ageing effect by temperature , 
changes, vibration, or chemical means, could be devised. . q 
Although in the present state of knowledge of the effects of shrinkage — 
and creep, it was generally assumed that the greater proportion of those 

_ effects were operative over a relatively short period of time (about a year 
was commonly assumed), yet such effects, and especially that of creep, 
might, once started, continue for an indefinite period, with a corresponding 
deterioration of the intimate structure of the concrete. It appeared 
desirable to have made series of tests, extending over several years, of 
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pre-stressed beams made with various aggregates and mixes and different 
degrees of pre-stressing. Such tests should furnish definite information 
regarding the extent to which the original pre-stressing had or had not 
deteriorated. 

In regard to the future employment on a considerable scale of pre- 
stressed members of structures, two outstanding considerations suggested 
themselves. Firstly, it was obvious that in the tests recorded in the 
Paper, extreme care had been taken to ensure the greatest possible excel- 
lence of quality, uniformity, mixing, and placing of the concrete material. 
Mr. Husband wondered if it could reasonably be expected that under 
ordinary commercial conditions of working, anything approaching a 
similar high standard could be maintained, without a prohibitive expendi- 
ture on supervision and increased cost of more highly skilled labour. 
The difference was akin to that between work carried on under almost 
academic conditions with unlimited time at disposal and work executed 
under the keen competitive conditions imposed by commercial activities. 
Secondly, since the fabrication of straightforward units such as individual 
beams and girders evidently entailed the employment of sufficiently 
complicated and expensive appliances and plant, the application of such 
appliances in the case of a complicated structure would result in immensely 
increased cost and difficulty. Possibly with mass production of many 
thousands of similar and fairly simple units, economy might result. 

Further, with regard to the relatively wide variation in the elasticity 
of concrete, and to the execution of work under ordinary commercial 
conditions, he wondered whether it was not probable that local variations 
in the elasticity of the concrete would seriously and adversely affect the 
desired and calculated results. 

- Those considerations were put forward as a further reason why an 
immediate investigation, preferably by a small committee, of all aspects 
of the pre-stressing of concrete, should be commenced at once rather than 
be postponed until after the war, when it was so likely that such definite 
results as could be established in the meantime would be of immediate 
yalue in reconstruction work. 

Mr. Husband could not understand the general statement made by 
the Author in reply to the question raised in the discussion regarding the 
slenderness in plan of one of the pre-stressed beams. He considered that 
such a counter-action would seem to require a particular arrangement of 
the pre-stressed reinforcement and that highly stressed reinforcement in 
the “tension flange” might have the opposite effect to that desired to 
control buckling in the opposite flange of the beam. 

He would be interested to know what considerations led to the adoption _ 
of the box section for the Southall beam illustrated in Figs. 20, Plate 2, 

instead of the girder sections previously tested. i - 
pr. K. L. Rao observed that the Author had mentioned two types of 
pre-stressed beams, one with bond between concrete and steel and the 
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other without bond, but had given no information concerning thei 
difference in behaviour when subjected to external loads. Experiments — 
made under Professor Cyril Batho, M. Inst. C.E., at the University of Bir- i 
mingham on small similar pre-stressed beams both with and without bonc 
had indicated that the deflexions were nearly the same until the appear- 
ance of the first cracks, and that for higher loads the deflexions were far — 
greater in the case of the pre-stressed beam without bond. The first cracks _ 
seemed to lower appreciably the pre-stress in steel and concrete in beams 


Fig. 33. 
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CoMPARISON BETWEEN DEFLEXION AT CENTRE AND OTHER SECTIONS. 


without bond, whilst no such reduction in the pre-stress had been observed _ 
in beams with bond. } 
Deflexions at various points along the length of the Southall beam given — 
in Tables I and IT (page 110 §) had been plotted in Fig. 33, which showed 
that the deflexions at different sections were proportional to those at the 
centre until the appearance of the first cracks. It would have been — 
interesting if the deflexions at other than central sections had been recorded 
_ even after the appearance of the first cracks. The linear relationship of 
the deflexions at the centre and at other sections for loads below that — 
producing the first cracks indicated that the pre-stressed concrete beam. 
was acting as a homogeneous beam in a manner similar to a steel joist. 
Fig. 33, which had been constructed from the data given in Table I, 
showed deflexions and concrete strains at the central section for various 
loads on the beam. Deflexions at the same sections due to repeated 
loadings were also shown in Fig. 34 (see Tables II and Ill). If similar 


— 


§ Ibid, 
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eams, one with no reinforcement and one with the same reinforcement 
s in the tested beam but without pre-stress, had been cast and tested, the 
dvantages of the pre-stressed beams would have been shown more simply 
nd vividly. It had been observed in the Birmingham experiments on 
mall similar beams without reinforcement, with ordinary reinforcement, 
nd with pre-stressed reinforcement, that the deflexions were practically 
qual until the bottom concrete reached a strain of about 70 x 10-8, and 
hat pre-stressing did not result in any advantage by way of increase in 
he ultimate loads at which the beams failed. 

Leaving aside the question of ultimate loads, the marked superiority 


Fig. 34. 
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of the pre-stressed beams was clearly shown in Fig. 34. The rates of con- 
erete strains at top and bottom were approximately equal up to the 
appearance of the first cracks, and if strain measurements had been con- 
tinued beyond that load, there would have been marked differences in the 
rates of strains at top and bottom. The point in the figure at which that 
wide difference would have appeared, corresponded to P3 in the deflexion- 
diagram. At point Ps the rate of deflexion altered very considerably. 
The rate of deflexion before Ps agreed fairly well with the calculated rates 
of deflexion, taking entire concrete, and after Ps with the calculated rate 
neglecting tensile concrete. Repeated loadings, especially if the loads 
were higher than that causing the first cracks, effected modifications in the 
tates of deflexion in the neighbourhood of P3. : . 
Assuming that a similar reinforced beam without pre-stressing would 
develop a strain of 120 x 10-6 at the formation of cracks, point P, and 
‘the dotted curve had been marked in the diagram showing the deflexions . 
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of a similar ordinary beam. The advantages of pre-stressing would | 
apparent from a comparison of the deflexion-curves of ordinary and 
stressed beams. The load to which the pre-stressed beam could 
subjected without causing any cracks was nearly 850 Ib. per square inc 
whilst a similar reinforced beam without pre-stressing could be subjec 
only to 360 lb. per square inch before cracks appeared. Further, t 
deflexions at the centre of the pre-stressed beam corresponding to a load 
700 lb. per square inch was only 0-37 inch, whilst for ordinary beam it we $ | 
nearly 1-5 inch. { ; 

The strain in the bottom concrete of the pre-stressed beam at the : 
formation of cracks—namely P3;—was approximately 330 x 10-8. That - 
was in excess of 70 x 10—6, the maximum strain of a similar non-reinforced 
specimen before failure, by an amount approximately equal to the com- i) 
pressive strain produced by the final pre-stress in the steel. That indicate 
that the pre-stressing of concrete was essentially similar to the wire-drawin 7 
process of steel by which the elastic limit was raised, though not, appre- 
ciably, the ultimate stress. 

Dr. E. C. Smith observed that the effect of shrinkage and plastié - + 
yield on a pre-stressed concrete beam could be studied approximately by — 
an extension of the plasticity-factor method. The stresses after any tim : 
t could be expressed approximately by the following formulas :— 


i 
a 


¢1, the stress in the concrete at the top of the beam after time t, 
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nd f, the stress in the steel after time ¢. 


§ 
ae ,As = 
oA Ree B,+B,)m.j 
4+. a fo 4! = Me) 
malta} } 
Figs. 35 


(b) 


: Centroid 


The Steel is taken into account 
by increasing the area of the 
concrete by m, by. 


SEcTION OF CONCRETE EQurIvVALENT SECTION OF CONCRETE 
ONLY. : AND STEEL. 


where s, denotes the shrinkage in the concrete after time t. 


a . the radius of gyration of the section of the concrete. 
effective Young’s modulus of elasticity for calculating 
shrinkage stresses = 2,000,000 Ib. per square inch. 
E, ,,  Young’s modulus of elasticity for hard steel. 
m ,, effective modular ratio for calculating shrinkage stresses — 
== 10. | 
I, ,, the moment of inertia of the section shown in Fig. 356 
after time t. E 
areas of steel and concrete respectively. 
Sp 9 ~—« Stress in pre-stressing steel produced by the jacks. 
m,- », effective modular ratio after time ¢. 
Bee, », bending moments due to dead and superimposed loads 
respectively. 
t 5, age of concrete. 
| and dy, de, dy’, de’, j and j, denote the distances given in Figs. 35 a and b. 


: To investigate how the stresses in a beam varied with time, the above — 
equations had been applied to the pre-stressed concrete beam shown in ~ 


Fig. 36, which had been designed for a dead load bending moment of 
aaa y 
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147,500 foot-lb.. The concrete mix was 1:1.5:3 which gave a per- 
missible working stress of 1,100 lb. per square inch, the age of the 
‘concrete when pre-stressing was commenced was 28 days, and the stress 
produced in the steel by the jacks was 166,000 lb. per square inch. The 
value of the modular ratio was taken to vary from 7.5 for instantaneous 
lodding to 45 when ¢ = o, and the shrinkage coefficient to vary from 
90 x 10-6 at 28 days to 450 x 10-%att=o. 

The results given in Table IX showed that the stress in the concrete 
at the top of the beam varied from 915 lb. per square inch to 960 lb. 
per square inch, whilst the stress in the steel fell from 161,300 lb. 


: 


| 
sote-——— 45° —-- — >< -5~ 


I 


26 bars D=}" 


_per square inch to 142,300'lb. per square inch. That showed that plastic 
yield and shrinkage did not have a very great effect upon the beam. 
Further, since the strength of concrete increased considerably with age, 
the factor of safety of the beam increased with time. 

- he Author, in reply, observed that, as mentioned on p. 115 §, the 
calculation of all test results was very extensive and it had had to be 
considerably condensed for presentation in the Paper. The reply to Mr. 
Davies’ query regarding the formula fy, >= 3(fx + fy) V (fe > fy)? + 4, 
according to Dr. Mautner’s report on test (p. 94 §), was as follows :— 


joe 110 — 0:00711 fs lb. per square inch. 


fy = —12-5 — 0-00171 fep 33 ” 
Te + fy = —83°5 = 0-00882 Sep ” 33 
fo —fy = —85 —0-0054 fy» 
. ty — fr = +58°5 + 0-0054. Sep ” ” 
| (On p. 99 § the value 58-5 was written 59 for the sake of simplicity.) 
§ Ibid. 
_ -_ 
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That explained the different values in the first and second brackets ¢ 
the formula for the principal stresses, and for tan 2a. 

The fact that, although the measurements of the inclined stresses we 
made in the centre of gravity of the section, the stresses were expressed by 
a binomial, f = a + bfsp, should be explained. The factor a for fz wai 
due to the fixing by screws of the end section by No. 12 bars about 4 inc 
diameter in mild steel, a device necessary for the fabrication of a beam by ~ 
successive elements (see Fig. 8 of Paper referred to in foot-note 2, p. 92 §). 

The anchorage force for those twelve bars being 12 x 830 lb. = 10, 


—10,000 
Ib., for A, = 140-5 square inches (see p. 94 §), a = 110-5 = 78 


square inch. For the factor b, 
A, = 28 bars, 5-4 millimetres diameter 
= 6-45 square centimetres = 1 square inch; 


é 1-0 
=— i405!” = —0-00171 Sen; 
hence Se = —T1 — 0-00171fzp Ib. per square inch. 


In an analogous manner f, was developed, owing to the fact that the 
pre-stressing of the stirrups, with a sectional area A,’ = 0-5 cm.2 =0-0775 
square inch, had been carried out with 6,600 Ib. each, and it had been 
assumed that the loss of pre-tension of the stirrups would be the same as _ 
that of the longitudinal bars, although that assumption was too un- 
favourable. 

6,600 
0.0775 
therefore the pre-stressing force per stirrup 
F, = A,'[85,250 — (78,000 — fep)] 
F, = 565 + 0-00775f ep 
for a distance of stirrups of 14-7 inches, and the thickness of the web in 
that section being 3-07 inches, vr 


= 85,250 lb. per square inch ; 


f= O-OTT5fep 
¥ 147 x 3-07 14-7 x 3-07’ 
_ hence Sy = —12-5 — 0-00171f4p, as above. 


The Author agreed with Mr. Davies in regard to the main advantages 
of pre-stressing, especially as regards the factor of safety for the steel. 
It would perhaps be interesting to give the following values, which 
resulted from the tests of the Southall test-beam No. 2, 13 months old: 
Dead weight moment = 7-8 ton-feet. 


Superimposed load moment = 28:3 _,, 


—- 


Bending moment = 36 


$ Ibid. 
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The theoretical stresses, after shrinkage and creep, were ; 


Ses = +955 Ib. per square inch. 
Te = =6 ” ” 
The first cracks, as mentioned, appeared at 2-26 times superimposed load : 


2:26 < §.1.L. = 63-6 ton-feet. 
D.W.M. = 7:8 =; 


BMpse Md! is 


The ratio m was found to be m = 5-85 for the stage 1 x 8.I.L., and might 
be assumed to have been m = 10 just before cracking. 
The steel stress at that stage (2-26 x S.I.L.) was 


fs’ = 48-4 tons per square inch + 5-8(1,192 + 8) + 10(2,410 — 1,200) 
= 57-9 tons per square inch. 
Failure occurred at 3-68 x S.I.L. 
B.M. = 111'8 ton-feet. 
The increase of the steel stress for the above moment was 
Af, = (111-8 — 71-4) x 2,240 x 12 
14:5 x 0-754 
Consequently the steel stress at failure was approximately 
fs? = 57-9 + 44-2 = 102-1, say about 100 tons per square inch, 


= 99,000 = 44:2 tons per square inch. 


Summing up: 
Preliminary steel stress when manu- 
facturing the beam . Ne oe . fs = 68-7 tons per square inch. 
Steel stress for normal load after shrink- 
Bageand-creep . . . .. > fro = 46-4 4; e 
‘Steel stress when first cracks occurred 
MBO SORELY Le ie me fj, = STO fa ne 
Steel stress at failure load (3°68 x 8.I.L.) f,2 = 100 if = 


Therefore the failure occurred by overcoming the resistance of the hard 
steel. 


_ Safety against first cracks, 2-26 x S.IL.L. = 1-985 x total load. 
failure, 3°68 x S.LL. = 3-1 x total load. 


bP 


With regard to the statement that, on the Continent, the admissible 
working stress for the concrete, in pre-stressed work, was one-third of the 


crushing stress at 28 days, the Author thought that he had made it clear, 


} 


on pp. 132 and 133 §, that that applied only to pre-stressed concrete, and 
| not to ordinary reinforced concrete. - 


§ Ibid. 
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In addition to the reasons given by Dr. Mautner for a higher per-— 
missible stress for pre-stressed structures, there was the fact that the pre- 
stressed beams were all subjected to a heavy test at the time of release of 
the jacks, the stress at that time being usually higher than the compressiv : 
stress to which they would be subjected later on under load, so that 1 
- might be said that any faulty work was detected at once, during construe 
tion; pre-stressing construction was automatically subjected to self: 
control ; it was, in fact, foolproof. 

With regard to the possibilities of pre-stressed concrete in waterworks — 
and pipe work, a Paper was in course of preparation, dealing specially with 
that aspect of the question. 

Dr. Rao’s conclusion that the Southall tests of 1940 showed that the 
pre-stressed concrete beam was acting as a homogeneous beam, in a 
manner similar to a steel joist, confirmed the statements of Dr. Mautne . | 
and the Author: 

It was easy to explain why the deflexion of pre-stressed beams with 
bond was smaller than that of beams without bond in the load stages after 
fissuration. The adhesion in pre-stressed beams resulted from a wedge 
action under the influence of the transversal deformation and was very | 
high (see footnote 2, p. 92 §). Tests had proved that very short lengths, — 
between ten and twenty times the diameter of the bar, were sufficient to — 
secure anchorage. Therefore adhesion distributed the width of the cracks, 
after pre-compression and tensile resistance had been overcome in one or — 
two sections, over other intact sections. That was not possible in the case _ 
of sliding pre-stressed reinforcement anchored at the ends. But such — 
reinforcement presented other important advantages, such: as suppressing 
the slight top tensile stresses in the “‘ compressive zone” by a curved — 
arrangement, pre-compression in the vertical direction, accommodation — 
for alternate bending moment, etc. 

Fig. 34 illustrated vividly the advantages in the appearing of the first! | 
cracks and in the deflexions of ordinary and of pre-stressed beams. | 

Applying the ratio m = 5 resulting from the 1940 tests for normal load 
pressure-gauge 389 Ib. per square inch, and the ratio m = 6-75 for pressure- 
gauge 890 lb., cracks in the ordinary reinforced concrete beam were to be | 
expected, for tensile stress 


120 
Soi = 795 X 4:5 x 106 = 540 Ib. per square inch 
with a load Py = 0:98 x calculated superimposed load Bees and 


creep not taken into account). 
For the pre-stressed beam, 


360 
Ja 106 * 4:5 x 106 + 1,192 = — 428 Ib. per square inch. 


§ Ibid. 
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and a load Ps = 2-26 x calculated 8.I.L. (Southall beam 1940) which 
‘was practically identical, or slightly higher, after one year of shrinkage 
‘and creep effect. The modulus HL, = 4:5 x 106 was chosen in both cases 
‘from the deflexions during test. 
The difference between the strain of the pre-stressed and that of the 
360 —120 240 
106 ~=~——«4108 
with the compressive stress in the bottom fibre, 1,192 lb. per square inch 
(see Fig. 25, p. 112 8): 


non-stressed beam, namely, corresponded fairly well 


240 | 
fa = jos * 4-5 x 106 = 1,080 lb. per square inch. 


For the 13-month old beam (Southall 1941) the strain on the top at the 
centre of the beam was measured for the same load (gauge-pressure 890 lb. — 
"per sq. inch. X'P = 17-1 tons) as 388 X 10-6, which, according to measure- 
é 480 
ments in other points, corresponded to ios the bottom fibre. 

Even admitting that the ultimate resistance against failure of both 
beams would be the same, which would be the case only if destruction were 
caused really by the stresses in the middle of the beam, and not by shear, 

the result was as follows : ; 


(1) For beams with unstretched reinforcement, hair cracks were to 
be expected under normal load, and .age increased that tend- 
ency as a result of the effect of shrinkage and creep. 

(2) For pre-stressed beams both the 1940 and the 1941 tests showed 
that no cracks appeared at less than 2-3 times the superim- 
posed normal load, even after shrinkage and creep had acted 
during one year. Further information on that point was 
given in the Report to the 2nd Congress of the International 
Association for Bridge and Structural Engineering, 1936. 


“With reference to Dr. Rao’s suggestion that comparative tests be carried 
out with stretched and non-stretched wires, it should be noted that, for 
the beam described in Paper mentioned in footnote 1, p. 98 § (Fg. 7), the 
authority concerned had carried out a test with a comparative beam in 
which the stretched hard-drawn wires had been replaced by the equivalent 
area of non-stretched medium-tensile steel with a calculated stress of only 
28,000 Ib. per square inch. The cracks under the calculated load were so 
wide that the beam was considered to be no longer suitable for practical 

The formulas set’out by Dr. Smith were strictly correct, but perhaps 

that part which referred to shrinkage (first part) might be given a simpler _ 
form, which, whilst giving the same results, would have the advantage of - 


§ Ibid. 
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being more similar in shape to the equation dealing with the value of - 
pre-stress in the steel, fsp, as follows : 


Total compression fa= 


Unit compression at top ¢, 5 = 


Unit tension at bottom  ¢y,5 = 


With regard to the undoubtedly correct results derived from the formulas 
relative to the effect of the resistance of the reinforcement (assumed to be 
unilateral) to shrinkage, it should be borne in mind that the percentage of 
pre-stressed steel was always small and that, consequently, the concrete _ 
stresses produced were also very small. For instance, in the example 
given by Dr, Smith, for E,’ = 2,500,0000, m’ = 12; 


O;, s = +21-6 lb. per square inch, and 
Cy, 3 = —84 ” ” 


: 


Moreover, when straight pre-stressed wires were used, it. was customary to _ 


were thereby reduced still further. 
_ There did not appear to be any substantiation, from actual facts, for! 
the values of m used by Dr. Smith for the influence of the superimposed — 
loads upon the value of the final steel stress. As plastic deformation was 
not reversible, the deformation under load, at the beginning of the appli. ; 
cation of the load, took place with a normal value of the modular ratio; 
values of m such as those mentioned by Dr. Smith could be taken as correct { 
only if loading were maintained at full value over a very long time, as, for 
instance, for a column subjected to direct and severe compression under — 
continuous loading during long periods. That was clearly shown by the — 
results of all tests when loading was applied a long time after completion ; 
for instance, by the tests on the 28-foot beams at Southall, when the value 
of the modular ratio was found to have increased only from 5-05 to 5:85 
during a whole year. Therefore, the example given by Dr, Smith would 
not apply to, say, bridge girders on which the loads acted for only short 
periods. 
The Author agreed with Mr. Husband that it would be desirable to _ 
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continue methodical testing of pre-stressed, as well as of reinforced, concrete 
over many years. It should be observed that, although experience in pre- 
stressed concrete was comparatively short in Great Britain, data were 
~ available on the Continent extending over many years. 
__ With regard to shrinkage and creep, the Author was uncertain whether 
_ or not data had been published relative to the effect after 10 years, even 
for ordinary reinforced concrete. However the results of the double 
Southall tests, and the results published in Technical Paper No. 12 of the 
- Building Research Department, showed conclusively that the effect of 
creep and shrinkage was of no greater importance than was provided for 
in the calculations; and it was known that creep approached asympto- 
~ tically the values gained after a year or two. 
The following method for calculating the loss of steel stress due to 
creep and shrinkage, communicated recently to the Author by Dr. 
~ Mautner, which was based upon the difference in the deflexions registered 
_ during tests of comparative beams after an interval of, say, one year, as 
for the Southall beams tested respectively in 1940 and 1941, lent 
- additional confirmation to the view expressed above. 


1 ton loss by creep and shrinkage produces a loss of the counter- 


1 
acting bending moment of M’ = 1" x 45-= 0°595 ton-feet (Fig. 37), 


and an increase of the deformation 6’m, 


2 28 
lO gs 6 14x [0-95 x3 x | = 58:3. 
c= eae (see above, p. 519, ante) ; dp» in feet ; 
p 
os 7 58°38p X 20,786 
& Errore m = 3310X x 7,070 


_ that formula was applicable only if tensile stress did not occur. As the 

maximum increase of the deflexion 5, had been measured for normal load 
~ as 8) = 1,924 x 10-4 inches for the beam in 1940, and dp = 2,207 x 10-4 
Bones for the beam in 1941, for the 1941 test : 


58:3 xX 02207 X 20,736 
es eee es 0.0008 foot, == 0-00Grinth: 
o'm 3,310 X 1-88 Xx 7,070 x 12 ne 


‘As the difference of the deflexions was 45, = 0-0283 inch, the loss of 
0-0283 

pre-tension force AF = Meee = 4-72 tons, 

4-72 

| Af = ~ 0-754. 

0-25 + 0-50 


1,000" 
Tests on si agp ie “properties had been carried out in “the State 


The actual loss of stress 
= Gad tons per square inch, whereas the calculated loss 


x 13,500 = 10-1 tons per square inch. 
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percentage of reinforcement was smaller, whilst the distance between bars, _ 
and the cover, might be greater. On the other hand, any extreme heat 
would affect pre-stressing, and it was certainly desirable that more — 


thorough testing be carried out. 
The Author agreed with the correspondents who had pointed out that 


Fig. 37. 


» 
1=7070 c 


Tension, steel 
=Compression, concrete. 


Tension, steel 


pre-stressed concrete presented no advantage as regards the point of 
ultimate failure ; no claim had been advanced in that respect. But all 
_ results proved that there was a considerable advantage for normal loading, 
which, after all, was the really important point, as it was reasonable to 
_ design structures for the work allotted to them, and with a proper margin 
of safety ; and it was necessary to emphasize the fact that the advantage 
was maintained up to a point very near failure, after which it disappeared. 

With regard to buckling, the pre-stressing forces were purely internal. 
To every compression force corresponded tension in the steel, and in each 
curved element the equilibrium would take place as shown in Fig. 38. 


* Beton und Eisen, 1939, pp. 143—144 ; 20 April 1939. 
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Should any eccentricity occur, the outwardly-directed resultant would be 
counterbalanced by the stretched wires. In fact, not the slightest buckling 
-had been observed for the tension zone of any beam in which stretched 
- wires were incorporated. Buckling danger existed only for the compression 

zone, under load, which should be stiffened in the ordinary manner to 
' prevent buckling. 

Most of the questions raised by Dr. Abeles had been dealt with by 
‘Dr. Mautner in the course of their discussion in Concrete and Construc- 
tional Engineering (footnotes 1 and 2, p. 125 8). 

__ The Author had stated clearly (Fig. 29, p. 133 §) that the purpose for 
which comparison had been made between ordinary reinforced-concrete 
_and pre-stressed concrete in respect of the calculated stresses for ordinary 
load, was to show that the economy in concrete should not be realized by 
higher stresses in the concrete. The factor of safety was not affected by 
the comparison. ae 
_ With regard to the results of the tests carried out by Dr. Abeles with 
-non-stretched high-grade steel (yield-point from 88,000 lb. to 97,000 lb. 
per square inch), with respect to width of cracks, it would have been better 
‘to mention that the concrete had the exceptional compressive strength 
of 8,500 Ib. per square inch. That corresponded to 2-27 x work test for a 
1:1:2 mix of high-grade concrete. Consequently the conclusions 
"derived from the crack of width 0-01 inch were not convincing (Concrete 
and Constructional Engineering, Feb. 1941, p. 91). In focusing his 
attention upon his own particular tests, Dr. Abeles seemed to have neg- 
lected to consider the great number of tests with high-tensile steel men- 
tioned in the Report of the International Association of Bridge and 
Structural Engineering, 1936, relative to heavy cracking with non-stretched 
“reinforcement. That explained why no higher stresses than 28,000 lb. per 
_ square inch were allowed for reinforced concrete in all countries. 
| In order to avoid misunderstanding, it should be mentioned that 
Table IV quoted by Dr. Abeles from Hoyer’s Der Stahlsaitenbeton, referred 
to beams manufactured in accordance ‘with Freyssinet’s methods and 
patents (“‘ Science et Industrie,” 1933). . But those beams were very un- 
important in comparison with those described in the Paper, as the ultimate 
total load bending moment had been only 4°20 ton-feet, as against respec- 
tively about 100 ton-feet and 412 ton-feet. Moreover the concrete had a 
strength of 11,300 Ib. per square inch at 28 days; all the tests described 
in the Paper were made with concrete according to Mix I or Mix II of the 
Code of Practice, and consequently they were far more useful for practical 
purposes than those carried out on an exceptional specimen of very small 
bearing capacity. . io 
Curiously enough, Dr. Abeles’s Table VIII upheld the Author’s view — 
that the partly pre-stressed reinforcement suggested by Dr. Abeles did, in ~ 
“fact, eliminate the greater part of the advantages derived from Freyssinet’s 


§ Ibid. 
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processes, in exchange for imaginary other advantages. The value giver 
in the column for fully-pre-stressed reinforcement, co = —396, e od 
only in the neighbourhood of the support, and not in the centre of th ; 
beam, where the dead weight exerted a counteracting influence. Str 
measures near the support showed that the tensile stress was far lower 
however, as a dead angle developed over the support. 

Then, for the fully-pre-stressed beam at loading, c, = +847 lb. per 
square inch, and c, = 0; whereas, for the partly-stressed beam, for the — 
homogeneous section at loading, 

8,000 -F 8,200 x 6 8,200 1,059 . 

1,9 = csaam esl 4 7 = yea Ib. per square inch. © | 
That meant that for 1 x calculated load, strong cracking existed—a fact — 
which should be compared with those set out by Dr. Rao. 

For the fully-stressed beams the first hair cracks appeared at 2:3 times 
superimposed load, or about twice the total load at that stage of loading. — 
The top compression ¢; = + 2,015 lb. per square inch. For the partly- 
stressed beam the top compression was higher and the non-stretched 
reinforcement would already be stressed to 

fom SS _ 8,200) aA one = 158,000 lb. per aquazs inch, 
which meant that the beam would be so heavily cracked as to be of no — 
further use. ; 

Dr. Abeles’s contention that, for fully pre-stressed members an increa se 
of the concrete section in the tensile zone would always be necessary, was 
not borne out by facts. Recent and important applications for beams of 
121 feet span for roofs showed that it was unnecessary. But, even if it 
were necessary, that would be fully compensated by the very small thick- | 
ness of the web, which was permissible owing to the elimination of tensile — 
stresses due to shear. : 

It was very doubtful whether the ratio 


bending moment ultimate total load 
bending moment dead weight 


which was 13:65 for the 62-foot beam, and 49 for the 16-25-foot beam, could _ 
be equalled by any structure of ordinary reinforced concrete. . 

The advantage claimed for partly pre-stressed concrete, of smaller 
straining forces on the concrete at the time of release did not, in fact, exist. 
when pre-stressing was carried out with the double-acting jacks, after 
setting of the concrete. The time required for concrete made with rapid 
hardening cement to attain the necessary strength before pre-stressing the 
wires did not impede the progress of the work in practice, as work con- 
tinued on other rows of beams during the hardening period. When resort 
was had to the triple action of vibration, compression, and heating for the — 
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quasi-instantaneous hardening practised by Freyssinet, the objection 
disappeared entirely. A strength of 2,800 lb. per square inch was attained 
-after 24 hours, during the construction of the 62-foot beam, and also during 
the construction of heavy beams for a weir in Algeria. 
Complaints about the complication and cost of plant for pre-stressing 
‘came usually from people who had not had the opportunity of watching 
the process closely, and who did not take into account the nature or im- 
portance of the results to be attained in the widely-varying problems to 
be solved. For instance, whilst the stretching of the piano wires referred 
to in Table IV, of Hoyer, mentioned by Dr. Abeles, necessitated a force of 
only 4 tons, the beam having an ultimate bending moment of 4-20 ton-feet, 
the 16-foot beam described in the Author’s Paper of July, 1940, necessi- 
tated 40 tons, the bending moment being 108 ton-foot ; the 28-foot beam 
“required a stressing of 52 tons; the ultimate bending moment of the 
- 62-foot beam attained 412 ton-feet and the stretching required 79 tons ; 
for the 108-foot bridge girders mentioned in the Author’s Paper of July 
| 1940, it attained 400 tons; and for the testing-machine described in the 
same Paper the figure jumped to 10,000 tons. All was relative. Similarly 
there was no more reason to be surprised at the cost per beam of a plant 
designed for producing, say, 20,000 units if, for any reason, production had 
to be curtailed to 2,000, than there would be to find excessive the cost of 
a rolling mill working for only a few months instead of many years. 
E _ The Author considered that the practical possibilities of stretching wires 
efficiently merely by screw action, instead of by hydraulic jacks provided 
with gauges, and with certainty concerning the degree of stretching, would 
remain very doubtful until large-scale applications proved the contrary. 
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| “ Aesthetics of Engineering Structures.” t 
“The Design of Flour Mills, Granaries, Warehouses, and Silos.” t 
_ By Oscar Faser, O.B.E., D.C.L., D.8c., M. Inst. C.E. 


Correspondence. 


Dr, Paul Abeles considered that the two main points regarding the 
‘aesthetic effect of a structure were the unity and homogeneity of the 
structure and a harmonious relation to its surroundings. A solution 
might be perfect and present,a splendid appearance in every respect, but © 
nevertheless bring disorder into the landscape or derange the harmony of 


Journal Inst. C.B., vol. 16 (1940-41), p. 199 and 169 (April 1941). 
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the neighbourhood, thus spoiling the whole impression. If there were no — 
choice between several alternative designs of structures, but only one — 
solution, unique at the time of its creation, a harmonizing of such ‘ae 
pioneer work of construction with the vicinity was seldom obtained 3 
nevertheless the new structure might be a completely satisfactory com- — 
position in itself. It depended only on the ability of the designer to effect | 
even in a creation of mere utility, such as a machine, a unity in composition, — 
combining its utility with a pleasant appearance, and sometimes even 
with real beauty. In order to produce such an effect technical knowledge © 
and experience were necessary, as well as imagination and intuition. 
New structures and machines often became pioneer works of modern 
architecture. Something which had been created by extraordinary talents, — 
either by intuition or by intellect, and built with a master-hand, was not — 
always recognized as a work of art by the contemporaries of its creator, — 
but formed later a fundamental example of a work of art. That occurred — 
not only in architecture but also in any art. It was much easier to under- 
stand and to appreciate a work of art, created before one’s own time, — 
especially if one had learned to know it as a child, than a modern work, © 
since familiarity was a great help to understanding, whereas a quite new 
phase caused difficulties. Therefore it was of the greatest importance not 
to reject néw ideas in art without trying to understand them and becoming _ 
gradually accustomed to the new trend. ; 
The fact of not understanding new ideas in art had actually been the — 
reason for imitating old styles of architecture without any connexion 
between structure and style, even in buildings of merely constructional 
character. That departure from truth and unity in fashioning a structural _ 
-work might be explained by the fact that the architect and the engineer 
had become two different persons since the beginning of the eras of — 
structural steel and reinforced-concrete constructions, whereas previously 
artist, builder, and engineer were combined in the “ architect.” An ex- 
ample of the activity of the architect as engineer was provided by a __ 
competition among architects in Rome in the Renaissance period in con- _ 
nexion with plans for transporting a colossal statue from one place to 
another, including lifting devices, scaffolding, etc. Sometimes the artist was 
even painter and sculptor in addition, thus representing a nearly universal _ 
genius like Leonardo da Vinci. The separation of the functions of archi- — 
tect, builder, and engineer into three different professions had led to a — 
wide bifurcation in the development of structural engineering. The — 
architect mostly considered the design only from the point of view of — 
aesthetics without considering the character of the structure, the straining | 
of which he often did not even understand, whilst the engineer designed _ 
the structure according to his technical knowledge, and usually did not 
care how it looked, whether it was a homogeneous unit, or how it could _ 
be built. The builder carried out what architect and engineer had 
designed, mostly without understanding the functions of single parts of 
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the structures. That unsatisfactory state of affairs was the consequence 
_of the specialization of the period in which we lived. 


During the past few decades the idea of recognizing some creations of 


engineers as pioneer works of modern art had forced its way. That was 


illustrated by the statement in Le Corbussier’s famous book, “‘ Towards 


a New Architecture’, that “the American Engineers overwhelm with 
' their calculations our expiring architecture ! ” 4 


Structural creations undoubtedly influenced the development of modern 


| art: Moreover, as technical structures were subject to rapid change as a 


result of progress, it was very important that the engineer should have 
some education in aesthetics. The Author had dealt with the whole 
subject carefully and extensively. Some additional allusions might be of 
interest. It was necessary to distinguish between two types of structural 
engineers, namely, the one who was interested in solving various problems 
from a more general point of view and the other who preferred detail 
work of the same kind, to a variety of tasks which might compel him some- 
times to study new problems. The latter elaborated his work accurately, 
but was by no means prepared to take responsibility, or to work inde- 
pendently without somebody who controlled his designs and was in charge 


overhim. Quite different was the engineer who liked to design a structure 


in general from a higher standpoint. He worked less regularly than the 
detail-specialist, since he was more dependent upon his mood for the 
achievement of satisfactory results in his work. He did not decline 


responsibility for any decision necessary; he chose from several possi- 


bilities the most suitable without lengthy consideration, and always had 
at hand a ready decision when asked for it by the detail-specialist. His 
love of his work formed the basis for a harmonious composition, which 
might also please the layman, even if the main point of the design were 
only the production of an economic solution in accordance with the newest 


‘results of technical science in the light. of experience. Undoubtedly a 


certain aptitude for producing a pleasing design was necessary. That 
aptitude might lie dormant until a suitable opportunity presented itself. 
But in any case it seemed to be very important that the designer should 


occupy himself, at least to a certain degree, with the study of aesthetics. 


“The new development in architecture based upon the engineer’s pioneer " 


work should inspire him to do his best, since his work might influence 


further development. Many years before the modern trend of architecture 
was established John Ruskin dealt with the question of aesthetics in his 


- work “ The Seven Lamps of Architecture.” 


“Mn spite of some disagreement in one or another aspect his ideas could 
quite well have been applied to structural engineering, especially so far as 
his lectures on the importance of the imagination and spirit upon design 


were concerned. 


Various views regarding the designing of structures were possible with 
respect to his “Lamp” of Truth. On the one hand endeavours were made 
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by representatives of the old school to camouflage structures by imitatio 

of historic style, and on the other hand by representatives of the modern 
school, to show all details of the design to the naked eye. A warning 
should be given, however, against exaggeration in that respect, in case 
some trick had been practised in choosing a certain system to overcome 
existing difficulties. A structure with an abnormal solution could be 
understood only by experts who knew all the details in question. In such 
a case it seemed inadvisable to observe the policy of displaying details. 
Dr. Abeles wished to cite his own experience in connexion with a project — 
for a crossing of the Danube channel in Vienna (Fig. 1). A reinforced- 

concrete bridge was to be designed under the following conditions: Small 


Fig. 1. 


antilever box 
filled with ballast. 
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between arch and 
bottom of box, 
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depth for the structure, small head-room, and poor foundation conditions, | 
which rendered impracticable a design with a large horizontal thrust. The 
alternatives were a girder or frame structure with only vertical reactions, 
for which a strong reinforcement in the structure would be required, or an 
“arch, with possible saving in reinforcement but excessive thrust. The 
latter alternative could be improved by practising a kind of trick in arrang- 


ing close above the arch, on either side of the abutments, cantilever-boxes 


consisting of side walls and a bottom of reinforced concrete to be filled with 
-ballast, thus, on the one hand, materially increasing the vertical component 
of the reaction and, on the other hand, reducing the thrust of the arch, 
since a part of the span belonged to the cantilevers of the abutments, 
Thus the structure would have been non-homogeneous had the wide 
openings between the stanchions, arch, and bridge-ceiling in the middle 
portion and the concrete side walls of the cantilever-boxes at the outside 
portions been shown. Moreover, a spectator would have wondered about 


+l 


AND THE DESIGN OF FLOUR MILLS, GRANARIES, ETC. 553 


_ the purpose of the small intermediate space between the under-surface of 
5 the cantilever boxes and the top of the arch, since even an expert would 
not have understood that solution without seeing a plan with the founda- 
_tion or being given an explanation of the system. Therefore it was ad- 
"visable not to show the truth of the system but to camouflage the inside 
of the bridge between arch and the bridge-flooring by an arrangement of 
_ spandrel walls. : 


Dr. Abeles was of the opinion that co-operation between architect and 


engineer in which each did part of the work should be avoided, as it would 


not result in homogeneity. The design should be made by either an 


- architect or an engineer alone, consulting, if necessary, a colleague of the 


other faculty, whose advice might sometimes be of considerable assistance. 
Dr. Abeles considered that improvement in the aesthetics of a utilitarian 


_ building, involving higher expenditure, would later effect savings in wages 


by reason of an increase in output due to higher efficiency, stimulated by a 


_ pleasing atmosphere and congenial surroundings. 


Mr. William Allen observed that architects, and all others who had an 


interest in the beauty of structures and the advancement of culture, 
_ would always admire the Author for the lead he had taken in furthering 
the consideration of those matters by engineers. His argument that all 
~ those who build had a responsibility to the spectator would receive universal 
~ endorsement, and it was gratifying to learn that The Institution was to 


establish at Cambridge an experimental course in aesthetics for engineers, 


_ Doubtless that was one of the fruits of the Author’s labours, and if it 
served beauty, as it should do, and brought architects and engineers once 
~ more close together, he would have done a great service to contemporary 

culture. He had argued the case for the honest expression of the method 
_ of construction in structures, and had come to the conclusion that-it was 


not an essential quality of beauty, with the qualification that it was 


nevertheless legitimate to ask whether one could not, through honesty in 


that matter, secure a greater design interest. The point was one which 


had been much discussed by contemporary architects, who had come, one 
might say almost universally, to the conclusion that honest expression of 


~ both function and the method of construction of the structure should be a 
- cardinal design consideration, 


Looking at the matter historically, they had pointed out that through- 


~ out the whole development of post-and-lintel design in Greek and Roman 


times, and later, with the addition of the arch, to an architectural high- 
point in Gothic greatness, honest expression of construction was con- 


sistently evident. It was doubtful, in fact, whether the evolution and 


~ 


f 


; 


‘ereation of those styles could have been actively carried on if sham facades 


and screens had been used, quite apart from the fact that pride—a very 


creditable pride—in their engineering advancement probably induced 


them to display their achievements to the greatest possible effect. 
With the Renaissance quite a different attitude to design “arrived, 


emphasis of certain visual items which occasionally resulted in sha. ms, 
though not of any consequence because the methods of construction which — 
were represented were at least similar to those actually used. Ry 

When contemporary structural methods were developed a much 


S 


greater conflict was evident; for architects, lost in archaeology, alter- : 
nated in their enthusiasm for various styles behind which the most 


techniques led the way to modern architecture. aa 

To-day the situation was partly reversed and wholly confused, with — 
shams and fakes in buildings rampant for the first time in history. The — 
only thing that could be assumed—and it was a disturbing thought—was 
that those buildings reflected the worst aspects of contemporary culture. 

The search for firm ground had, naturally enough, led the contemporary — 
architect to a definition of beauty, and roughly speaking, he had accepted _ 
the version given in the Oxford English Dictionary1, that beauty lay in _ 
two qualities, one which afforded a “‘ keen pleasure to the senses ”—in 
that case the eye—whilst the second was a charming of “ the intellectua 


term “ art.’’ 2) a 
It was that second quality of beauty which was concerned with the 
educational and inspirational aspects of the question, and because those 
were the formative forces of culture and civilization, their proper im- 
portance could be attached to them. It followed, then, that to hide the 
method of construction behind a deceptive facade was to miss in one _ 
important measure the opportunity of exploiting those forces, and with it 
went the incentive to original and creative thought which could transform 
the layman from a mere spectator into a driving force, and give him some _ 
cultural goal in common with other men. The Georgian period was oftén _ 
held up to praise for its uniform grace and pleasantness ; it had even been 
said that any speculative builder in those days could have been entrusted to _ 
produce, at the worst, something which had those qualities of uniform 
graciousness. That society had, in fact, a common cultural aim and 
outlook, which did not exist to-day. But we could not go’back to it, and 
the only method of progress was to provide a goal and an incentive, and 
_ with the incentive the education and example to give direction to the 
drive. As C. H. Waddington had recently written3, wie 
_ “if civilization is to continue to advance, and if full use is to be made _ 
of the opportunities for a richer life which technical advances present, 
the scientist and the technician must join with the artist and the writer 


1 Shorter Oxford English Dictionary, 1933. ‘ 
? Leo Tolstoy, “ What is Art ?; and Essays on Art.” Oxford University Press. 
° C, H. Waddington, “The Scientific Attitude,” Pelican Special A 84. 7 
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in thinking out what those possibilities are and bringing them to the 

notice of people in general.” 

_ That, roughly, summed up the position of the contemporary architect, 

and as an architect Mr. Allen would be grateful if the Author could give 
‘some further consideration to that attitude. It was widely held, and it 
would be a pity if the developing streams of engineering and architecture 
were to find themselves in conflict rather than in harmony. 

Mr. A. W. Beal observed that of the four essential requirements 
postulated by the Author aesthetic satisfaction had been placed last. 
Was that an implication that aesthetic choice should be the over-riding 
consideration in selection from a number of designs ? 

___ In discussing the evolution of the bridge from a tree dragged across a 
river, through the stone lintel to the stone arch, the Author had concluded 
‘that: “ Other things being equal, that which would cost the least was 
to be preferred.” Ifa final requirement of aesthetic appeal be laid down, 
that involved abandoriing the choice already made on an economic basis 
and re-considering other designs previously ruled out. Would it not be 
preferable to make aesthetic appeal an essential of any design considered, 
‘and retain the final selection by economy ? Presumably more than one 
design could be aesthetically satisfactory ; but under any set of conditions, 
which could be as comprehensive as desired, only one would be the - 
cheapest. 

Strength and stability did not appear among the four proposed require- 
‘ments. That condition was doubtless included in the functional proviso. 
If so, why not include permanence as well ? 

Of the four requirements, if function and permanence were linked, 
aesthetics and economy were left, and the relation of those two was of 
interest. 

Aesthetics generally were settled at the design stage, whereas economy 
‘was more directly related to construction, although vitally controlled by 
design. It did seem that constructional aspects provided the link between 

design (including aesthetic features) and economy with its implications of 
final selection. Moreover, rapid construction was desirable in itself, apart 
from its effect upon costs. 

‘The final selection was made, not from completed buildings, but from 
designs, and in them an inherent capacity for material interpretation 
was an essential requirement. 

_ From the foregoing there seemed to emerge a classification of essential 
requirements for any scheme, as follows :— 

1. Suitability for purpose: functional planning ; ene appeal ; 
‘strength and stability ; permanence, etc. 

(2, Suitability for construction : implications of design in labour, 
materials, plant, services, and the time factor in the construction program. 

8. Economy : final selection on basis of first cost ; maintenance cost ; 


Beagth of life relationship. 4. 
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In the discussion, Mr. Lloyd Jones had pointed out the vital connexion 
between “architecture” and building technique. If our age were iO { 
match its achievements in building technique with the founding of com> 
parable and enduring “ orders ” of architecture, the relation between th is 
two should not be lost sight of. The “ structural lie” was admittedly 
justifiable in special cases, such as those which had been cited. Lying, | 
however, was notorious for inconsistency—a characteristic which would — 
mark our styles if we became tolerant of structural untruth generally. . 

The Author had branded functionalism as a fallacy, and had done a ~ 
service in doing so, if by functionalism was meant the extreme variety | 
which regarded functional efficiency as style. If development of style 
were to be satisfactory, functional expression would have to be maintained — 
at least as an important contributory factor. For instance, some “ mode 4 
style ” called for windows looking like plain rectangular holes punched in } 
a plane surface. After dust and dirt had settled and been washed by 
rain down the once-clean wall, one wondered why ages-old lessons about i 
check throatings had been ignored. ) 

In the development of new styles, which was necessarily an evolutionary — 
process, changes in technique were worthy driving forces, to which it was 
necessary to give effect. Among unworthy motive forces which needed — 
to be checked were the pursuit of novelty and the fear of being old- i 
fashioned. Considering only one example, it was interesting to note how — 
modern times had produced high speeds generally. High-speed transport 
had demanded streamlining ; hence an association of ideas between stream= 
lining and modernism, with the result that streamline form had been — 
eagerly seized upon for application in circumstances of all kinds, suitabl | 


** modern note ”’ born. 
In short, to ensure development being on right lines, every change 
should be examined critically under the Author’s four heads. The — 
remainder of our philosophy of development might be expressed as follows: 
“ When it is not necessary to change, it is necessary not to change.” £ 
As a feature of training, the Author had mentioned water-colour — 
sketching. To that might well be added photography, not as a substitute — 
but as a complement, the possibilities of colour work being kept in mind, — 
Elaboration of the latter point was out of place, but Dufaycolour trans- 
parencies used as lantern-slides might be noted in passing. Photography’s 
purely recording function was obvious, and some might deny its capabilities — 
for creative work at all; but a strong case could be made for the claim — 
of pictorial photography as an art to “ creation by selection,” and whether — 
the point were granted or not, the practice of discriminating photography © 
would, by developing powers of observation, foster the acquisition of a 
sense of harmony, composition, character, and interest. - 7 
Mr. Beal wished to emphasize that his remarks were not intended in « 


spirit of criticism, which would indeed be impertinent in the circumstances ;__ 
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they were merely suggestions made in the hope of their being of possible 
interest to other members. 
_ Mr, A. R. Clough congratulated the Author upon his courageous 
exposition of a difficult and neglected subject. He considered that the 
treatment was masterly, but regretted that the deductions had not been 
carried to their logical conclusions. When its range expanded beyond 
the capacity of a single mind, the art of construction split up into two 
branches, architecture and engineering. Further developments along 
those same lines had caused further subdivision of engineering into 
‘distinct and specialized branches, and the process still continued. Nothing 
_could stop that, so that one had to make the best of it. It might still be 
within the competence of great minds to cover the whole field of engineering 
and architecture, and so rise above the need for collaboration, but genius 
was a law unto itself, and time need not be wasted in trying to legislate 
for such exceptions. For those whose ability fell short of genius, the 
need for collaboration remained. 
Whilst endorsing the Author’s criticism of educational institutions for 
their failure to teach aésthetics, Mr. Clough would have liked to see more 
specific recommendations as to the instruction which should be imparted. 
An engineer had a lot of technical knowledge to acquire, and the com- 
pulsory groundwork to be covered before he started to specialize would 
probably always remain a matter of controversy. If aesthetics were to be 
included in that compulsory groundwork, then instruction would need to 
be limited to the comparatively simple rudiments of the subject. 
Harmony and composition were simple in theory, however complex 
they might be to carry into effect. Some simple rules dealing with optical 
illusion were also important: an example was the illusion produced by 
the tangent to a circle; the tangent appeared to be bent, and the circle 

flattened at the point of contact. That had practical application in 
_pridge design, as a straight parapet over an arch appeared to be weak in 
‘the middle; thérefore it was desirable to curve the parapet over the arch 
to correct that appearance of weakness. 

Mr. Clough would confine the compulsory groundwork to such limits. 

 Qolour and ornamentation should be excluded, and would best be treated 
in collaboration with an architect by anyone not possessing both a strong 
artistic bent and artistic training. 

‘As stated by the Author, “ structures often reflect the character of 
their time.” If a better age were dawning, it would demand better 
structures. That was the real solution to the problem: an edueated 
public opinion, which would refuse to employ technicians who were unable 
to produce pleasing structures. File 
‘The student to whom the Author had referred represented the attitude 
of too many engineers, Subconscious knowledge of a defect, often showed 

“itself in conscious dislike or resentment of the quality which was deficient. 
“One need not look farther than that fact to explain the active resentment 
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of aesthetics which was often evinced by minds whose ability a 
mathematical and mechanical lines. That provided the strongest endorse- 
ment of the Author’s recommendation that a compulsory grounding 4 
aesthetics should be given. Such a grounding would establish the impor- 
tance ,of the subject for those who had not realized it, and would open 
the way to specialization for those who were interested in aesthetics. 
With regard to bridges, surely the beauty of an odd number of spans” 
lay primarily i in the simple rule of optical illusion mentioned above. 9 


increasing the spans towards the centre, the parapet had to be curved 
follow the curve made by the crowns of the arches. That was g 
design, as the eye was satisfied. In most cases it was convenient to havi 
the longest span and the greatest headroom in the centre. Harmony 
followed automatically. There was a sense of rightness about good ot 
which was easy to recognize, but difficult to define; the Forth brid 
satisfied that sense. There might be better and more beautiful bridge: 
it would be a poor look-out for 50 years of progress if there were no 
but the Forth bridge still stood out as one of the notable bridges of th 
world, a pleasing and satisfactory structure. 

Mr. Clough thought that it was a great pity that in the new Water! 
bridge the arch and the roadway had not been emphasized. That could 
easily have been done with little, if any, increase in cost, and a very — 
trivial adaptation of the design. The piers should look right for the 
reasons stated so clearly by the Author when explaining the difference 
between strength and the appearance of strength. Mr. Clough would have — 
liked to see that principle applied also to the arch, even though it might _ 
not be a structural arch. 

The case for collaboration, and for aesthetic training, had been admirably y 
summed up by the Author. Expert engineering knowledge fitst, the 


standing of the aesthetic. On such a foundation, collaboration would not 
fail to produce structures combining both engineering and architectural | 
excellence, worthy of the better age to which we were looking forward. __ 
Mr. W. W. Davidson considered that all engineers should feel grate: 
to the Author for his reminder that engineering works should be as 
pleasing to the eye as practical considerations would allow. There could 
‘be no disagreement on that point. The production of the Paper might, 
however, be read in some quarters as an acknowledgment that enginee ng 
works in general, including the buildings for which many engineers we eo 
responsible, did not please the eye so well as they would have done ] had 
the works concerned been designed by architects. It was a-moot poin ; 
whether a sense of beauty of form could be produced to order by a course 
of instruction, be the pupil a student of architecture or of engineering. 
Mr. Davidson’s opinion was that either a sense of beauty of form was 
inherent in a person, or it was not: and if it were not no amount of 
instruction could ever develop it, even in an architectural student. | 
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Of late years there had been a campaign designed to impress on the 
public that whenever a work was planned by engineers, the guidance of 
an architect was essential to ensure that something hideous was not 
inflicted on a long-suffering world. Let the architects be judged by their 
works. Mr. Davidson instanced several structures where architects had 
been placed in control of the aesthetics of engineering works to ensure that 
the engineers did not produce ugly structures, with results which he 
considered very unsatisfactory. Charing Cross bridge was often quoted 
as an unsightly bridge built by engineers, but it could be immensely 
improved very simply and at relatively small cost, and would then bear 
comparison with any other Thames bridge. | 

With regard to the large buildings, many of them blocks of flats, 
which had sprung up in London during the past few years, could it be 
argued seriously that the design of that class of building was beyond the 
capacity of the average engineer who had had to do with building works ? 
Each was, in effect, a large packing-case or a collection of packing-cases. 
While the exteriors were new they looked quite reasonable, as did most 
new buildings for a time when contrasted with dirt-covered old buildings 
adjoining ; but after 10 or 20 years of wear, dirt, and smoke they would 
be no better-looking than any of the old warehouses to be seen in docks 
and shipping areas. In most cases the elevation was a plain rectangle, 
with successive rows of standard windows on the various floors, and was 
usually in pointed brickwork. Where was the “ special artistic touch ” 
about that which could not be well produced by an engineer ? 

Much had been written about “ modern” architecture. Possibly a 
fair definition was that-it was architecture in which modern materials, 
such as structural steel, reinforced concrete, artificial sheetings, etc., were 
used in ways appropriate to the forms and properties of those compara- 
tively new building materials. Most of them had been produced by the 
engineer, and he was the appropriate person to include them in a building 
design. The architect might be suitable when it was a matter of working 
up natural materials such as timber, stone, plaster, clay and sticks, or 
thatch, on the site, but he possessed no advantage when manufactured 
“materials were assembled. . 7 

In very recent days, following on the damage wrought in various 
towns by the Nazi apostles of culture, various demands had been made— 
by architects—that architects should be called in at an early stage in the 
preparations for reconstruction, with the implication that they should be 

in charge. It was for engineers, through their Institutions, to point out 
that reconstruction was essentially a matter for control and direction by 
themselves, as members of the only profession equipped with the general 
and particular training and experience requisite if the best results were 
to be achieved. In reconstruction practically everything which would 
‘have to be done was an engineering service: for example, demolition ; 
surveys ; town-planning ; streets and roads; accommodation for parking 


- 
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escalators ; strong-rooms ; fire services; drainage; heating and ventila- : 
tion; telephones; and, not least, the arrangement and design of the 
structure. In regard to the last item, it was very important that the 
building of the future should provide protection in case hostilities occurred 


Mr. Delwyn G. Davies observed that the Author had presented a 
very illuminating study of aesthetics. To a young engineer innocent of 
the tricks of architecture the Paper deserved detailed comment, whilst its — 
findings demanded certain qualification. 

Aesthetics was a philosophy on which no two people, however eminent, 


was not only difficult but unwise. The object of aesthetics was to examine 
the ideas of beauty which had prevailed in all ages and find out, if 
possible, the fundamental principles on which such ideas were founded. — 
That search had so far led to a tangle of contradictions, or else to ideas _ 
so vague as to be inapplicable to concrete cases. Most authorities — 
agreed with Plato that behind the changes due to the march of time and — 
differences in race, there was in the mind of man an idea of beauty that — 
space. Benedetto Croce, the distinguished modern philosopher, arrived — 
at the conclusion that art was intuition, but denied that it was utilitarian, — 
intellectual, or related to pleasure. Notwithstanding that his theory was 
distorted by its subservience to morality, Tolstoy saw that a work of art 
was the expression of an emotion felt by the creator and conveyed to the — 
spectator. An engineering structure permitted but little aesthetic emotion 
on the part of the designer. How much that emotion, if it were latent in all 
people, could be developed by training was a question for the psychologist. © 
Contrary to the opinions of the Author, the public did not demand high — 
aesthetic standards, so much as they opposed any new departure in art 
which conflicted with custom, There was no doubt, however, that high 
standards of a traditional nature were appreciated. et 
The following true story perhaps best illustrated how irrational was 
the present-day conception of aesthetics. a | 
Not many years ago in Paris, a statue accidently unearthed from a __ 
-tubbish dump was considered to be of great merit. After careful and 
prolonged examination by experts it was unanimously acclaimed as the 
greatest discovery of modern times. Unfortunately the sculpture was 
not complete; the nose and one of the hands were missing. Never- 
theless, to celebrate the discovery of the masterpiece and its unknown — 
sculptor (opinions as to whose work it was were varied) a banquet was 
held; at which it was decided to install the work in a place of honour, 
worthy of its beauty. At the close of the proceedings there arrived a 
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young man who produced the missing terminal parts, and convinced 
them completely that they had been toasting his work. The statue 
was surreptitiously returned to the dump and conveniently forgotten. 


The architects in England had tried to progress by the gradual evolution 


of traditional form, but their attempts, with few exceptions, appeared both 


timid and anaemic in comparison with the bold functionalism of the great 
engineering structures. The architect, alas, if he were to earn his daily 
bread, must give apparently a traditional flavour to his work as an essential 


concession to the natural conservatism and weakness of human nature. 
The engineer was more fortunate; because his work was primarily 


functional, his aesthetic expression was seldom dictated by others. 
It was now generally agreed that the sane architecture of the last 
century was, almost without exception, the work of engineers. In that 


age of fancywork architects over-dressed their designs in all manner of 


styles, and architecture degenerated to an indiscriminate art. The aesthetic 


possibilities of the newer materials of construction were dismissed as 
_ something to be ashamed of, to be concealed by so-called artistic coverings 
_ such as the medieval nonsense of the Tower bridge. The latter, obviously 
_ the work of an engineer, had been spoilt by the imposed decoration of an 


“ artist.”’ Many decades later some engineers, in an effort to compete 


with the architect, copied the worst features of contemporary architec- 


ture. That tendency was rapidly dying, but there were still engineers 


who, in all seriousness, believed in the impedimenta of the crenelated 


- fortifications of public utility undertakings. A renewed interest in 
_ aesthetics should prevent such perpetrations from recurring, but if the 


interpretation was not sound it might produce the paradox of a pre-stressed. 


~ concrete bridge built in some ancient style by an enthusiastic aesthete. 


The study of old structures should be useful in explaining the under- 


lying principles of aesthetics, but Mr. Davies questioned whether it might 


not degenerate into antiquarianism and the worship of patine. There 


was much to be said for discarding the accumulated wisdom or rubbish 


: of the past, and replacing it by something new. Not that all tradition 
was bad; some was good, but on balance the dangers were considerable. 


In the scientific sense none of the old structures compared favourably 
with those of to-day. In this age of new materials it seemed more reason- 


~ able to study the aesthetics, or lack of aesthetics, of the best modern struc- 
 ¢ures where the historic motive was lacking, than those of the almost 


outworn creed of the structural stone age. 
The Author had stressed the need for harmony without, that was, that 


a new structure should harmonize with its neighbours. It appeared equally 


_ important that it should harmonize with those of the future, That 
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engendered many difficulties, but harmony with the past could be the worst 
_ opponent of progress, since it debarred any rational treatment of primary 


design and exterior. For instance, as an exaggerated case, if some of the 


very fine Underground stations of the London Transport Board had been 
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made to harmonize with the neighbouring bogus-Tudor housing estates” 
the results would have been appalling. 


superior to those of three spans(based on a comparison of those crossing the _ 
Thames) assumed incorrectly, in Mr. Davies’ opinion, that the fault with — 


to be no significant difference between three and five spans. The adoption — 
of five spans for the better Thames bridges was probably economic, — 
coincidence, or fashion. é 
The objection to Tudor, or any historic style, however well done, was not 
the suggestion of fraud (there was no morality in art), but that it reflected 
the ideas of a dead age, and not the present, by ignoring the resources of — 
progress and the changed conditions under which it was produced. It — 
was of course safe to imitate the past, but it did not seem to signify 
aesthetic emotion in the use of modern materials. | 
With the appearance of steel structures colour played a very important 
part. Most people were aware of the considerable improvement that 
was given to a bridge or pylon by the use of light colour, such as aluminium _ 
paint or cream, in place of the habitual red or black. Incidentally there 
was an economic value in light colour, which revealed both fractures and 
corrosion, as borne out by the experiences of an eminent speed-boat 
designer, Scott Paine!, who found that a white painted engine and gear 
led to more efficient maintenance. - 

Concrete surface treatment was perhaps the most difficult to deal 
with satisfactorily, particularly in polluted atmospheres. Bush-hammering 
was common to Great Britain, France and Germany, but the cost for large 
areas was by no means small, the value of the work was questionable from 
the point of view of deterioration, and, strangely enough, not only were 
board marks difficult to eradicate but any slight differences in the texture 
of the concrete mixes were exaggerated by this treatment. In Switzer- 
land, alone, the painting of concrete was practised widely. 

The intention to provide lectures for students on aesthetics was 
welcomed, but they would be of more immediate value if they were extended 
in written form to the older and more responsible members. On the 
question of engineering training in general, it was suggested that the young 
engineer, his mind fresh with the errors of that training, should have 
his viewpoint considered when decisions of that kind were being 
made. 

Sir Frank Gill observed that the Author must have been fortunate _ 
in his experience with the engineering schools. His own experience, 
summarized some years ago, was that whilst, during his time, he had had 
a considerable number of men direct from the universities and colleges, 
including some very brilliant engineers, he did not remember any instance 


1 Thomas Lowe Gray Lecture, Journal Inst.Mech.E., March 1939. 
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of a student being familiar with the economic aspect of engineering studies, 
or being able to tackle a problem of engineering economics. Since then, 
_tather casual observations had confirmed that that indictment was still 
_ true, and recent perusal of a considerable number of papers set in the 
examinations of the Institutions of Civil, Mechanical, and Electrical 
Engineers had disclosed a lamentable lack of questions calling for cost 
comparisons ; and (in that respect) those questions could be summed up 
' in three words, namely, “cost no object.” This did not mean that 
_ engineers did not understand the use of engineering economics (mainly 
cost comparisons), but it did imply that young men entering the pro- 
fession of engineering had to be taught that aspect by practising engineers 
rather than by professional teachers, and that, if they were unlucky with 
the practising engineers they met, they might never learn those methods 
at all. He was very glad that the Council of The Institution had 
considered the need for fostering among engineers the study of the 
economics of engineering proposals, and that steps were being taken to 
further that matter through the Engineering School at Cambridge 
University. The Author’s definition that cost was a measure of the 
quantity of materials and labour required to produce a structure was 
true only for first cost; but cost in engineering economics was more 
extended, embracing all the costs involved in possessing and using a 
structure (return on capital, depreciation, maintenance, operation, etc.) ; 
therefore a design that showed the lowest first cost was not necessarily 
‘the most economical. Apparently the engineering schools, which 
neglected this matter and dealt only with the properties of materials and 
applied mechanics and physics, did not appreciate the meaning of the 
word “‘ Engineering.” The engineer must be largely occupied with least 
"cost, as defined above. How could he possibly direct “ the great sources 
of power in Nature for the use and convenience of man” unless proper 
consideration were given to the aspect of cost? The fundamental 
engineering problem was to find the (happily rather flat) bottom of a 
U-shaped curve where X represented some kind of variation and Y 
the cost. 
. Mr. N. W. Hampson observed that, with regard to the merging of the 
_ two professions of engineering and architecture into one, a great difficulty 
would be encountered in respect of engineers in branches of engineering 
not connected with the design of buildings—for example, electrical and 
marine engineers—who, if they had fulfilled the requirements as to qualifica- 
tions and practical training, were admissible to corporate membership of 
The Institution, but would not satisfy the requirements as to architectural 
training, and could hardly be expected to do so; and it was unthinkable 
that The Institution should renounce its original policy of admitting 
‘engineers of all branches of the profession. pee . 
It might be well to remember that The Institution was formed for 
_ “ the general advancement of Mechanical Science,” and it was also worthy 
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of note that in the full text of the charter, buildings, as such, were not 
specifically mentioned, but certain structures such as bridges, aqueducts, i. 
and lighthouses, were. The omission of the term “ buildings” might or 
might not have been intentional, but it would seem to suggest that the 
design of buildings in the generally accepted sense of the word was within 
the province of the architect rather than the engineer; and whilst no one 
would deny that engineers should study the aesthetics of structures, and — 
endeavour to produce a design worthy of the name in any structure for _ 
which they might be responsible, was it not better that the two professions 
should strive for perfect collaboration and yet preserve their great tradi- 
tions, rather than sink their identities in oblivion merely because one 
branch of the former had something in common with the latter? Going — 
a step farther, it might be argued that the engineering and surveying 
professions, both of which had much in common, should be merged. 
Mr. Peirson Frank had stated that the two professions of engineering | 
and architecture could be easily merged, and that that was being done in | 
many districts. Doubtless that was practicable in the class of work 
mentioned, namely, that carried out in cities or boroughs, but it did not 
solve the problem of the inclusion of engineers engaged in branches of 
engineering other than building, and, moreover, would appear to be a 
merging of departmental duties rather than of the two professions, because 
only persons registered as such could designate themselves “ architect,” 
and there might not be many of them on the staff of a City or Borough 
Council. a 
Mr. E. Loewy observed that as a young and inexperienced engineer { 
not so long out of college the Paper seemed to him one of the first that 
had touched on significances of engineering wider than the purely utilitarian 
_ and technical. i 
Whilst not minimizing his regret that his official academic training _ 
did not, as the Author had remarked, either attempt to qualify him in 
those subjects, or even make him aware of their urgent existence, he 
felt one should remember that engineering education was bound to 
reflect the tendencies of the general life of the present, and of the last two 
generations at least. The small place that aesthestic considerations held 
and had held in this life was evident enough in any Victorian industrial 
town or along the Great West Road or in suburbia, the modern counter- 
parts. The present conflict was supremely a call to all to consider 
existing means and ends in every sphere ; for the engineer it seemed a call 
to consider the great potential significance of his work upon the life, and _ 
attitude to life, of all who came in contact with it. 
With the Author’s detailed analysis of aesthetics as applied to — 
engineering structures he was only qualified to agree, and he found the 
illustrations of the points in the case of the silo most illuminating. On 
the question of honesty he shared the Author’s diffidence, whilst the 
dividing line at the point of deliberate fraud rightly suggested that con- ' 
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cealment of true structure could be approved in proportion to the extent 
to which the purpose could be considered a good one. 

He felt that the close personal study suggested should be supplemented 
‘by some sort of part-time academic course, with lectures and field study 
and, if possible, tutored “class work.” It was very encouraging to read 
of the course of lectures to be given by Professor Inglis at Cambridge ; 
perhaps in due course they would be published. 

He considered an important step would be the establishment by the 
professional engineering and architectural institutions of a class of “lay” 
“members who would receive and contribute to journals, be welcomed at 
‘meetings, etc., of their “ opposite” societies, and generally share in their 
life, at first rather as friendly spectators and learners until normal member- 
ship was obtained by the acquisition of the relevant qualifications. 

The greatly desirable rapprochement between the two professions was 
‘certainly not to be effected by extension of the arrangement which Mr. 
Frank had mentioned, whereby the borough or city engineer was also the 
borough or city architect. Mr. Loewy’s experience, so far as it went, 
had shown him that such titular union was liable to bring both professions 
into disrepute and would certainly not produce the fairer face of Britain 
that we all desired after the war. 

Perhaps the most important step would be the founding of a college 
‘such as the Author had suggested—a scheme which he felt deserved all 
possible support. He could think of no better founder than the Author. 
Mr. RB. L. McIlmoyle observed, with regard to the Southern Railway 
warehouse, that he presumed that the object of furnishing the ground and 
first floors, which were of concrete, with a finish of 14 inch of granolithic, 
‘was to provide a surface which would stand up to trucking ; and it would 
be interesting to learn whether any precautions, such as a surface dressing 
or special methods of finishing, were taken to prevent dusting. He had 
found it very difficult to deal with that problem under heavy trucking 
traffic. 
| He noted that the upper floors had been constructed of timber ; whilst 

the advantages claimed were appreciated, he felt that they did not out- 
weigh the fire risk. The floors were, of course, of heavy mill-type con- 
struction ; but in a similar case the whole of a large warehouse had been 
burnt to the ground; there, however, the supporting structure was bare 
“steel. The structural damage to the Southern Railway warehouse would 
not be so severe. In the other buildings described in the Paper a 
sprinkler system was installed : had its use been considered in that case 

also? In similar buildings a maple floor laid on concrete had proved 
satisfactory. er 
Mr. McIlmoyle also observed that the brickwork had been laid in a 
cement mortar gauged with lime. That was contrary to the usual practice, 
_ wherein the lime mortar was gauged with cement. Did the Author claim 
any special virtue for his mix ? What was the cost of the stainless steel 
é ties in comparison with the normal type ? 
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The Author’s statement about window-height was sound, and it was 
surprising how often that was overlooked. It would be interesting to see — 
how the Columbian pine in the frames withstood the weather. How was — 
the woodwork protected ? : 

The omission of asphalt or other waterproofing in the 3-inch slab of - 
the canopy was interesting. Mr. McIlmoyle’s experience indicated that, — 
provided that concrete roofs were laid to reasonable falls, and that the 
concrete was properly designed and placed, the roofs were water-tight. 
The extra cost of careful placing and of correctly-designed expansion — 
joints was only a fraction of that of waterproofing. Details of the crushing — 
strength and of the water/cement ratio of the concrete used would be — 
useful. 

Mr. E. J. McKaig congratulated the Author upon his courage i 
venturing upon a subject that might well be described as intangible and 
elusive. Although he had not explained what had prompted him to 
devote so much thought and effort to an analysis of the subject, it could — 
be surmised that he had encountered so many engineering structures 
lacking harmony, composition, character, and interest that he had felt 


measure of comeliness, in engineering structures. 

Engineering structures were not the only offenders, and it was not — 
difficult to find in most towns, and frequently in the country, buildings, in’ 
which it was unlikely that an engineer had had any part, that were lacking _ 
in all the elements of aesthetics and (for want of a better definition) good 
taste. If some of those atrocities were the work of an architect it might 
well be that he was not entirely at fault: he was governed by his client, — 
and on the principle of “‘ who pays the piper’, gave the client what he _ 
demanded rather than what he should have. And it was a reasonable — 
assumption that the client was well pleased with the result and looked 
upon his structure with pride and as a thing of beauty, although it neither |” 
harmonized with its surroundings nor possessed any of the attributes of 1 
aesthetic satisfaction. Therein lay the difficulty of promoting a general 
standard of good taste in design, and the Author’s courage in expressing 
his views. 

The Paper should be read and digested by all engineers and architects, 
if only to prevent the aesthetic aspect of their works being overlooked, 
Whilst Mr. McKaig agreed with every word contained in it, there was the 
difficulty that the elements of aesthetic satisfaction were not positive facts. 
An engineering structure was, or should be, designed upon precise scien- 
tific data, and should fulfil all that was required of it from the point of 
view of utility. Should the engineer be called upon to give proof of the 
efficiency and utility of his work to one who could not follow his scientific 
and mathematical reasoning, he could do so by practical demonstration. 
On the other hand, should he be asked to give proof of its aesthetic satis- 
faction to one who had not the same aesthetic sensibility as himself, his 
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task would be extremely difficult, if not impossible. Beauty was said to 
- lie in the eye of the beholder, and it seemed that it would be expecting 
' too much to ask that all beholders should have the same eye. Neverthe- 
~ less, a study of the Author’s exposition should do much to cultivate the 
aesthetic sense of readers in whom it might be dormant, and to awaken in 
others, not possessed of that sense, a knowledge that a coherent and 
pleasing whole could be built up from certain rules. 
It was rather disappointing that the Author had made no mention of the 
- influence of fashion and period on design. Thus it was the vogue to jeer at 
the Albert Memorial, and doubtless, in comparison with the modern trend 
of straight lines, cubes, and severe unbroken planes, as exemplified by the 

- Cenotaph and by recent buildings in London, it was extremely fussy ; 
still, unsatisfactory as that memorial might be considered to-day, it did 
possess some excellent details, and had been generally acclaimed as a 
thing of beauty when first erected. That raised the question whether the 
sense of aesthetic satisfaction had changed in the past 70 years. The old 
Waterloo bridge, which preceded the Albert Memorial, and was rather _ 

more decorative than the modern trend of bridge design, was generally 
mourned when defects necessitated its removal. 

The fact remained that, much as persons fortunate enough to possess 
an aesthetic sense might appreciate harmonious design, it was extremely 
difficult, if not impossible, to define. 

Under the sub-head “‘ Harmony ”, the Author had used music as a 
simile, and it might not be out of place to mention that the late Mr. Eric 
Gill, R.A., whose sense of beauty and exquisite design could not be gain- 
said, had remarked, on listening to a classical overture by one of the best 
orchestras, “I have no doubt it is much better than it sounds”; that 
rather indicated that the highly-developed aesthetic sense of that artist 
extended to form only, and not to music. 

The Author, in defining aesthetics, had stated that for a structure to 
give aesthetic satisfaction it should be satisfactory in harmony, composi- 
tion, character, and interest. Was it contended that each of those elements 

were entirely separate qualities? Might it not be correct to say that if 
the outline and grouping of any structure formed a good composition, it 
‘would naturally be harmonious and possess character? It might also 
have beauty of colour and detail, but would still be satisfactory in 
silhouette, when the colour and detail were not visible. Perhaps the 
matter of composition was best illustrated in the case of a drawing or 
picture. If the picture were not composed to certain rules, or definite 
pitfalls were not avoided, however good the technique and. draughtsman- 
ship might be, it failed to form. a satisfying whole. A landscape with the 
horizon not higher than one-third the height of the picture was more 
pleasing than one in which the horizon lay within the middle third : and. 
should the subject be such that it could not be adequately treated with the 
$ horizon so low as less than one-third, it would be better to place it within 
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In Fig. 4 of the Paper on “ Aesthetics ” the horizon happened to ka 
in the worst possible position, but owing to the interest of the reflections 
and the detailed lights and shadows of the left-hand side in contrast to 
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the subdued planes of the right, that was an exception. Why that should 
be so was difficult to explain; but a study of outstanding pictures and 
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drawings by all the great masters past and present showed that where the 
subject permitted, the rule was followed more frequently than os He 
‘made no excuse for departing from “ Engineering Structures ~ to the 
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graphic arts, because the underlying principles so far as aesthetic sat S- 
faction was concerned were very similar. The same considerations appliec 
to the margin of a printed page, or to the mount surrounding a drawin, 
It was better, and an invariable rule, for the bottom margin to be slightly _ 
wider than the top and sides. As to the rectangle being more satisfyin a 
than the square, it was difficult to call to mind any picture of outstanding — 
beauty or merit that was square in shape. Whilst the rectangle was — 
superior to the square, a good deal appeared to depend upon the propor- — 
tions of the rectangle, or the ratio of its two dimensions. It would be — 
found, however, that most standard sizes of papers and prepared canvasses 
were of pleasing proportions, and consequently of a good shape. . 

The Author had asserted that a bridge with an even number of spans — 
was not as satisfying as one with an odd number which avoided a central _ 
pier. He might have gone farther and have-stated that with an odd — 
number of spans or arches, if the central span or arch were larger than 
the remainder the appearance was improved rather than otherwise.. That : 
peculiarity was not confined to bridges. but appeared to apply whenever af 
a space was divided up, and was particularly noticeable in the case of — 
windows. A window with a central mullion or sash-bar did not appear 
so satisfactory as one with an odd number of divisions: why that should — 
be so was difficult to explain, and evidently many did not appreciate that 
subtle difference, or there would not be so many windows such as those _ 
illustrated in Figs. 3 (b) and (c).. If the designer of a structure we e 
unable to appreciate the aesthetics of those minor details he could hardly _ 
be expected to be very successful with the whole. The question then — 
arose, was (a) really a better composition than (b) and (c), or was it merely _ 
fashion or a desire to depart from a rule for the sake of change? Whilst — 
_ well-proportioned windows such as (a) were common in 18th cent ry 
buildings, it was not unusual to find buildings of that period with such 
bars, as in (6), or without, as in (c), and also clear indications that. at some _ 
later period (possibly the early 19th century) they had been altered, and 
that what was considered a good arrangement had been sacrificed for the 
doubtful advantage of large panes. : f 

In days when the tendency’ was towards a cubic outline with a flat 
Toot the roof pitch of houses was perhaps not so important, but it was a 
curious fact that a tiled roof with eaves, was at its worst at an angle of _ 
45 degrees; an inclination of 50-55 degrees was much more satisfying. 
Failing that, a flatter pitch appeared better than one of 45 degrees; but 
there seemed to be no logical reason for that. 

The Author, who was perhaps associated with concrete structures 
more than others, had been frank in stating that a plain concrete surface 
usually gave an unsatisfactory texture. It was doubtful whether any 
concrete structure had a pleasing texture or colour, either when new or 
after years of weathering. Concrete did not weather to a pleasing colour, — 
or texture, and whatever means might be adopted to give interest to the 
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surface, such as reeded shutters, scrubbing when green to expose the 
aggregate, or rubbing with carborundum brick, it was doubtful whether 
that defect was ever surmounted. Even artificial or “ reconstructed ” 
‘stone did not appear to weather to a pleasing colour or texture, although 
when new and cast with artificial tool-marks it closely resembled the 
material for which it was a substitute. Possibly, however, the unpleasing 
weathering of concrete and artificial stone surfaces might be due to the 
fact that they differed from the traditional colour and texture of natural 
Materials; and in process of time, what might now be considered any- 
thing but satisfying would become an acquired taste and be acclaimed, if 
not beautiful, at least satisfactory. 
Of the Author’s postulates for the essential requirements for an 
engineering structure, Nos. 1 and 3 were positive facts that could be 
practically demonstrated or tested, and provided that the structure 
fulfilled those requirements, it naturally followed that it was in good taste, 
being devoid of affectation and pretending to be nothing more than it 
was. Postulate No. 2 was a matter of some speculation, whilst No. 4 
was rather an abstract quality and a matter of personal opinion. 
The modern tendency in the design of structures, which approximated 
‘a series of cubes surmounting one another and terminating in a flat roof, 
aimed at being strictly utilitarian ; but it would be difficult to prove that 
a flat roof was more utilitarian than a traditional pitched roof. Whilst, 
for a brick or stone structure, the cubical form might be the logical result 
of the shape of its integral parts, in the case of a plastic material such as — 
) concrete there was no apparent reason why the structure should not be 
of any form other than rectangular except that the traditional room was 
rectangular, and curved walls might be inconvenient. The Author had 
likened a cottage with inadequate eaves to a man with a rimless “ bowler” 
| hat. He might have gone farther and have likened some modern buildings 
without any cornice or projections to a face without nose, eye-brows, or 
‘any lines of character. They might embody the saving grace of being 
rectangular in form instead of square, but it was doubtful whether that 
lone would make them aesthetically satisfactory. With regard to the 
statement that a structure should not only be strong and stable, but should 
also give an indisputable impression of strength, it would be interesting 
to learn the Author’s view of a three-hinged concrete arch, where the 
hinged points were visible. To the engineer or architect, knowing the 
reasons and functions of the hinges, its stability and strength were obvious, 
put others, whose aesthetic feelings had to be considered, might not appre- 
ciate the object of the hinges. In that respect it was doubtful whether 
any reinforced-concrete girder bridge or beam could be aesthetically agree- 
‘able. As the steel component upon which it relied to resist the tensile 
stresses was invisible, the beam had the appearance of something which 
it was not, and thus violated the rule that a structure should not only be 
strong, but should also manifest its strength in appearance, 
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Things that were strictly functional, whether their form expre 
their function or not—simple things like the scythe, the sickle, the fellin 
axe, the plough, the hour-glass, the Sussex wagon, etc.—frequent 
possessed a simple beauty and aesthetic satisfaction. It was doubtful | 
whether, in the evolution of those implements, anything but utility had | 
been considered ; nevertheless most of them possessed a beauty of form. 

Perhaps it was a far cry from those implements to an engineeri 
structure such as a bridge, power-station, or warehouse, but aesthe 
satisfaction, if it indeed existed, should be capable of universal app 
tion. The question that did arise was whether what was truly aesthetic - 
ally satisfying in 1941 would give the same satisfaction in 1981, or whether * 
its measure was one of fashion. When Brunel was about to build Pad - 
dington railway station, in 1851, he enlisted Mr. (later Sir) Digby Wyatt 
to collaborate with him to design “‘ the detail of ornamentation ” so that 
it should be a beautiful and worthy structure. Much of their joint effort — 
was visible to-day. It had been said that when hurrying through the station | 
on arrival or departure, it was perhaps just as well that one had no time to | 
notice its collegiate roof and nave-like pillars. As an engineering structure « 
of that period it was a fine piece of work, but Mr. McKaig wondered whether ~ 
the Author would find it aesthetically satisfactory, as, nodoubt, both Brun 
and Wyatt did. It could hardly be denied that Brunel, as well as being a 
giant among engineers, was also possessed of a keen sense of artistic percep= 
tion, as was evidenced by his drawings ; and whatever might be said of Sit — 
Digby Wyatt’s work to-day, undoubtedly he was an eminent architect of — 
that time. The Author had rightly criticized the brick house masquerading 
as Tudor by the application of timber framing without any constructional - 
function ; but would he withhold criticism if the house had been cons 
structed in the Tudor manner, with a timber frame and brick nogging’ 
There was no reason why a truthful reproduction of a beautiful thing 
should not be equally beautiful; and if a structure designed and con= 
structed in Tudor times, in the manner of those times, fulfilled its func= 
tional requirements and formed, as it invariably did, a pleasing com= | 
position, nothing need be lost in reproduction. The obvious retort, that 
the Author’s Paper dealt with new and original design, and not simplh af 
with reproduction, raised the questions, from the aesthetic point of view, — 
of how far any design was truly original, how much the designer was | 
influenced, consciously or unconsciously, by things he had seen, and | 
whether it might not be better to be guided by the principles of structure 
which gave aesthetic satisfaction and had stood the test of time, than to 
attempt to evolve untraditional forms. 

The Paper dealt with a subject which was more important now thai 
ever before. At no time in history had Great Britain been faced with 
such mass reconstruction as awaited it at the end of hostilities, _ ‘ 

Mr. G. P. Manning observed that in his view nothing was perfectly 
beautiful unless it had life and movement: the glory of the sunset lay 
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not alone in its gorgeous colours, but also in the fact that they moved 
and changed. Similarly, a structure should have life—not necessarily the 
flutter of flags or the flicker of floodlight, but strong offsets or piercings, 
so that the pedestrian would see a changing face and a changing silhouette 
as he approached or passed. 

All trained engineers and architects were prudish on professional 
matters, and had been brought up to regard traditional engineering and 
traditional architecture rather as a moral law. The trained architect was 
jealous of the untrained layman who built himself some gorgeously un- 
orthodox dwelling and who positively revelled in delight when he gazed 
upon his gaudy and immoral creation. If cities were to be planned, who 
was to be the final arbiter? Was an architect of pronounced individual 
tastes justified in designing a whole city entirely to his own personal 
liking, or should he take refuge in some standard design ? 

It had been suggested, in the discussion on the Papers, that every 
designer should concentrate on producing the most economical structure. 
Mr. Manning was aware that consulting engineers were familiar with the 
carefully calculated and skilfully loaded figures in a priced bill of quan- 
tities ; but he maintained that only contractors really knew the cost of 
each structural operation, and that such figures were very jealously 
guarded. If a consulting engineer (unconnected with any firm of con- 
tractors) were ignorant of the costs of construction, how could he, except 
by accident, produce the most economical design ? 

Dr. W. T. Marshall observed that the Author had stated on p. 158 §, in 
reference to Fig. 3, that “ any tendency for the right-hand end to look 
heavy . . . is neutralized by the conveyor bridge which spans across to the 
mill.” In Fig. 4, however, which showed the completed building, no such 
bridge was visible on the elevation in question, and as that end of the 
building was at the water’s edge, it seemed obvious that no bridge was ever 
intended. It appeared to Dr. Marshall that the elevation shown in Fig. 3 
‘was a combination of the buildings shown in Figs. 4 and 14, for in the 
latter case there was a bridge spanning across to the mill building. It 
was of interest to note that the end elevation shown in Fig. 14 was divided 
into an even number of panels. 

_ Mr. James Mitchell considered that the Author had performed a 
needed service, in directing the attention of engineers toward the aesthetic 
side of their work, and to some of the complex and difficult problems 
involved therein. Specific teaching of the subject had been far too long 
neglected. é ; 

"As the Author had very properly pointed out, the art of the builder 
included those of the engineer and the architect, and the two branches 
shaded imperceptibly into each other. Signs existed of a tendency among 
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some engineers to look upon architects as being specially qualified to deal 
with the aesthetic side of all kinds of structures. There was no apparent 
reason, however, for assuming that, because a man had an extend d 
experience of the decorative treatment of churches or municipal-buildings 
he was equally qualified to deal with the aesthetic aspect of a bridge or 
a masonry dam. Mr. Mitchell had in mind the case of a fine steel bridge 
which, under the influence of the advisory architect, had been clothed with 
ornamental cast-iron plating—a covering which, although beautiful in 
itself, was quite out of place on the bridge, as it needlessly obscured the 
character and function of the steelwork. The same effect was produced 
as when a fine building was overgrown with a creeper. However beautiful — 
the creeper might be, it had spoiled the work of the architect. ~~ 
Although the word “aesthetic” was new, the fact was sometimes 
overlooked that the thing itself was very old, just as people talked glibly 
about psychology, without appearing to realize that Julius Cesar, although 
entirely ignorant of the word, had a profound knowledge of human nature. 
There must always have been men imbued with the feeling that, if a thing 
was worth doing, it was worth doing well, and who would not have been 
. satisfied, unless they had, in their work, added to the qualities of “ com- 
modity and firmness ” that of “ delight.” ; 
The Author had stated that “‘ the public has been educated to deman 
satisfactory aesthetic qualities in its more prominent structures” ; bu 
although such education was, no doubt, in progress, it had still a long As 
to go. Advance in that field was made by a continuous process of action 
and reaction, between ideas derived from structures, and structures whose | 
purpose was to embody ideas. He had also referred to “ the trained eye.” 
The training of the public eye was a matter to which engineers might 
profitably direct more attention than they had hitherto done. If, to a 
layman looking at, say, the Forth bridge, an explanation were made of 
the nature and function of the suspended spans, carried on the tips of the, _ 
great cantilevers, he would have ever afterwards new ideas as to the” 
aesthetic aspect of engineering structures. At the time of the completion 
of that bridge, a well-known architect characterized it as one of the ae 
structures that man had ever designed. In reply its designer, Sir Benjamin — 
Baker, said that no one who did not understand, to some extent, thal 
functions of the various members of the bridge, was capable of forming 
proper opinion on the subject. He added that, to any one who had such _ 
an understanding, the bridge was beautiful. The Author’s reference to 
“the effect which the appearance of a structure produced upon the 
mind” raised at once the question of “ whose” mind. Even “the 
trained eye” of the engineer, when regarding the outlines of the Quebec 
and the Forth bridges, whilst being satisfied that both were adequatel 
strong, would feel instinctively that the latter gave a far more satisfactory 
impression of majestic stability and permanence than the former. a 
With regard to the “ Rocket” and its modern descendants, ther 
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_ could be little doubt that, when George Stephenson found that his engine 
_ could be depended upon, not only to travel, but also to pull an extraordinary 
~ load at an extraordinary speed, he thought it a beautiful thing, just as a 
_ mathematician might regard a certain equation as “a thing of beauty ” 
~ and “a joy for ever.” In considering the evolution of the locomotive- 
_ engine it was interesting to observe how that had been determined and 
rendered possible by advances made in many different fields—better 


machine-tools, a wider knowledge of the properties of metals and their 
alloys, better rails, improved methods of dealing with the conservation 
and utilization of heat, and the minimization of friction—and that stream- 
lining was not primarily a matter of aesthetics, but an attempt to reduce 


_ friction-losses. There could be no doubt also that, however unconsciously, 


there would, at all times, be a continuous attempt to produce simpler and 


_ more pleasing means of attaining any desired end, and that every detail 


of the engine would be affected thereby. It was well also to remember 
that the long process of aesthetic evolution had a very different aspect, 


- when viewed from our end, from that which it would have had at its 
_ various stages. 


The Author had stated that “ Engineers are frequently more fortunate 


_ than architects,” in the expression of function by their structures; but 


* 


= 
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__a bearing on the subject. 


_ it might reasonably be argued that they were more capable, rather than 
- more fortunate, and that they kept more constantly in view the cardinal 
_ principle, that function was the primary consideration in the art of* 
 building—using the word “ building 


29 


in its widest sense, as including 
machines of all kinds. There was probably a greater tendency among 
architects than among engineers to subordinate general design to ornament. 
No good reason for that was apparent, but the Author’s reference to 
*¢ academic architects ” who “‘ became primarily engrossed in styles “ had 


He had referred also to the scientific problems which engineers “so 


_ well understand”; but when regard was had to the many large fields of 


engineering where the practice was almost purely empirical, and where 
progress was achieved by a more or less blind process of trial and error— 
sea-works might be cited as an example—that view was subject to 
very considerable modification. There was much wisdom in the old 
proverb, “ Handsome is that handsome does,” and it might be doubted 


_ whether it was “easy to show” that harmony, composition, and other 


aesthetic considerations “ have nothing whatever to do with the correct 
solution of scientific problems,” unless we restricted unduly the meaning 
of the word “correct.” Indeed when one considered the marvellous 
adaptability of, say, plant-life to its environment, and the beauty of the 
structures evolved for the purpose, one was tempted to think that perfect 
adaptability and perfect beauty were inseparably bound together. 

The important question of obsolescence was one of great complexity 


and difficulty. It applied with as much force to a dock as to a dwelling- 
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house, and examples could be cited of many different kinds of structur 
that, for various reasons, had had to be swept away long before they were 
worn out—evidence in many cases, although not in all, of an injudicious © 
expenditure of capital. With reference to Waterloo bridge, it might fairly 
be said that, having regard to the navigational requirements of the river- 
traffic, it had for many years before its failure outlived—as in the case of 
old London bridge—not its usefulness, but its suitability. 

Mr. C. M. Norrie observed that the Author had laid no particular 
stress on the great debt owed to ancient Greece. The study of aesthetic 
and design had been carried to high perfection by Greek genius and hi 
found its grandest expression probably in the sixth and fifth centuries 
B.C. Former civilizations had had their own architectures as well as their — 
utilitarian public works, but there was little evidence that the essential 
beauty characteristic of architecture in the Golden Age of Greece was any 
direct heritage from older sources. The ancient Greeks were the originators _ 
of a new conception in the design of constructional endeavour, under th 
influence of which the work of the architect as a designer became some 
thing different from the older and more utilitarian undertakings of the. 
engineer-architect of public works. Design then became the expression of 
intellectual qualities ; of all that idealism, that balance and measure, tha 
love of what was natural and healthful, and that simplicity and moderation 
which were the essence of Greek art in a society concerned less wit 

estructural appropriateness than with the realization of beautiful ideals, 
the attainment of which was then—and was still—the objective of aesthetic 
design. In the words of Sir Reginald Blomfield ! : 


“What the Greeks did, was to formulate a rhythmical architecture, 
in which each part stood in a definite and considered relation to the — 
whole, so that even their ruined temples give an irresistible impres- 
sion of a great idea, a great architectural epic, in which each detail, 
however beautiful, was subordinated to the unity of the conception | 
as a whole. be 

“Many attempts have been made to discover the secret of this 
wonderful perfection of proportion. That the Greeks had a system of 
their own, that they worked to definite ratios of dimension and number, 
and employed graphic methods of determining their proportions, 
such as the use of triangles and the like to determine the limits of 
their designs, seems certain. But no contemporary account of any — 
such system remains; and all the explanations that are given are 
made by theorists analysing existing buildings, not by architects 
designing new ones.” 


Mr. Norrie considered that a particular feature of interest to engineers 
to-day was that in the great period of Greece the structural parts of 
buildings were kept free of ornament. With only a few unsatisfactory — 


1 “ Architecture,” in ‘‘ The Legacy of Greece.”” Clarendon Press. 
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instances—probably experiments in design—no part of a structure trans- 
mitting a direct stress was decorated. Only where material was idle was 
the art of the sculptor allowed, and there only to a limited extent. In 
later centuries the quality of simplicity declined and ostentatious orna- 


~ mentation flourished in waves of vulgarity. Looking back on some of 


the “architectural treatment’ that had been added to engineering 
structures in the past, one could recognize just why, so often, the effect 
had failed in its purpose. The architect, ignorant of the incidence of 
stresses, had applied his “ treatment” in the wrong places and, worst of 
all faults, had thought that ornament was architecture. It would have 
been far better had the stark realities of the engineer’s design been allowed 
to stand alone. *- 

Mr, J. A. Saner observed that the subject of aesthetics was very 
difficult, as those who had done their best to avoid disfiguring the country- 
side knew only too well; many factors had to be taken into account, and 
although the actual structure might be made pleasing in appearance, 
there was the difficulty of fitting it into the landscape and at the same 


- time designing it to be both useful and economical in cost. 


Many years ago he had raised the question with the representative of 
a large chemical firm, which was spoiling the appearance of a very beautiful 
piece of country ; but the reply was that chemistry was always developing 
and that it was a waste of money to put up either ornamental or permanent 
buildings: and apart from some quite elegant chimneys in brick the 
remainder of the works were to that day merely of corrugated iron, or 
asbestos, carried on skeletons of steel joists, which dominated the country- 
side for some distance. 

No doubt, from his point of view, that gentleman was right, as constant 
changes or enlargements of a building or buildings such as those illus- 
trated in the Paper would soon have spoilt the proportions, as well as 


being difficult of execution. When finality had been reached, that was, 
- when a building had been erected for a specific purpose such as a water- 


works, an electricity generating-station, or mills of various kinds, and 
extensions were required only after a lapse of years, such extensions could 
be housed in a separate building ; and Mr. Saner agreed that in such cases 
both buildings, whilst being suitable and stately, should be works of art. 
If the specific work were one of such magnitude as to dominate the 
landscape, such as the larger bridges or bridges in cities, no trouble should 
be deemed too great to ensure a pleasing appearance and a character in 
harmony with the surroundings. It was not very difficult to generalize 
on those matters, but neither engineering nor architecture was based upon 
generalities ; they were essentially detailed sciences and any departure 
from the first three of the requirements enumerated by the Author in 
order to comply with the fourth, might lead to inconvenient operation 
and increased working costs, which, with the additional capital cost, 


4 - might mean the difference between success and failure. 
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In his view, the beauty of the Forth bridge lay in its simplicity, there : 
being no attempt to hide the functions of the various members, and it — 
was clear to any observer, even a tyro in such matters, which was a strut 
and which a tie. He had had the pleasure of being taken all over the 
work, even to the top of the central piers, during construction, by the ; 
late Sir Benjamin Baker, and the care which was being taken with the 
accurate fitting of parts was certainly equal to, if not in advance of, the best | 
boiler practice of that day, thus ensuring maximum efficiency of bearing. : 

In engineering structures it was the broad outline which might or — 
might not be pleasing. Any form of ornamentation, not being essential : 
to the purpose of the structure, was at once tawdry and wasteful, and the © 
building should show, when completed, the relative uses and distribution 
of the various materials of which it was composed: for example, many 
shop buildings appeared to stand on plate-glass windows, which ruined 

the appearance of the building and exposed the wares without depth of — 
background. 7 

Although it might be possible to erect pleasing and suitable buildings 
of the larger type or to follow the example of our forefathers in assembling 
dwellings and shops in dignified terraces, as in Gower Street, Oxford and — 
Cambridge Terraces, old, Regent Street, and Park Lane Mansions, nothing — 
would avail until some regulation was exercised in regard to advertise- 
ments. Many parts of London, and of other large cities, were merely 
masses of shoddy and trumpery enamelled iron by day, and senseless 
electric lights by night ; and it was useless to design anything artistic so 
long as that craze existed. One could only hope that the perpetrators of __ 
those horrors would see presently, what visitors saw now, that the multi- 
plicity cancelled the effectiveness and that the whole was merely an 
unpleasant blur. 

When peace was once more established an opportunity would occur to 
re-cast the damaged towns on lines more suitable for modern traffic 
requirements ; but without some co-ordination and central planning, — 
there would be danger of difficulties arising similar to those which pre- _ 
vented the carrying out of Wren’s scheme after the great fire of London. 
It would be very difficult to decide what to do. To repeat the over- 
crowding of city areas merely perpetuated what had been obsolete for 
some time. Nearly all large towns were nightmares of traffic, owing _ 
— largely to the fact that they were still on the lines adopted when it was 
necessary to be within walking distance of each other’s place of business; _ 
but thanks to the telephone and automobile there was now no reason why 
decentralization should not be adopted. ’ ; 

Such decentralized towns and villages could be self-contained like 
Bourneville or Port Sunlight, and the employees at the offices and factories 
would then be within walking distance of their work, or, in any case, the 
vehicles conveying them would be spread about and not concentrated in 
the confined space of one town. 


ov 
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In the more confined areas it would have to be decided whether to 
make the new streets of the boulevard type or like, say, Regent Street, 


| ~ London, where each building looked as if it had tried to outdo its neighbour 
- in useless ornamentation and acreage of plate glass. 


The subject was so wide and complicated that it could not be treated 
within the limits of a brief communication. Much would depend upon 
whether or not a happy medium could be brought about between the 
claims of extreme individualism, which now approached licence, and 
communal control, which was desirable only to a limited extent. 

In addition to the rebuilding there was therefore the much larger 
question of re-planning, which would include the rearrangement of roads, 


- railways, and waterways, and some inter-organization for the delivery of 


passengers and goods without the extreme concentration of termini now 
prevalent. : 

Mr. T. Aubrey Watson observed that the Author had dealt with 
almost every aspect of the subject with such thoroughness that it was 
difficult to make any suggestions not already dealt with in the Paper. 

The Author had stated that he had used the word “ aesthetic ”’ in its 
widest sense so as to include all forms of beauty which appealed to the 
senses chiefly through the eye, and also qualities which gave intellectual 
satisfaction arising from properties which might not be quite so immediately 
perceived. 

That being so, when a structure was completed, was it not essential | 
that for a person to appreciate the full beauty of the creation the appear- 
ance should express the construction? Otherwise he would be judging 
the structure by the camouflage which covered many of the beauties 
inherent in the structure. The proportion of the various members of the 
structure might be destroyed, whilst the actual movement (small though 
it be) of these members, and the purposes for which they were inserted, 
disappeared under the clothing that surrounded them, whereas they should 
be made apparent for the full beauty of the construction to be appre- 
ciated. 

In that connexion the Author had described the construction of 
the new Waterloo bridge, explained that its appearance when finished 
would give an entirely erroneous idea of its construction, and asserted 
that he had no doubt that the public would acclaim the bridge as a thing 
of beauty. Would that be right? The Author had himself suggested that 
it might have been possible to have found a satisfactory aesthetic treat- 
ment without suppressing the interesting construction of the bridge. 
Surely that ought to have been done, firstly for the sake of honesty, 
secondly for the purpose of recording a step forward in the science of 
engineering design, and thirdly for the benefit of posterity, by the intro-_ 
duction of a new standard of construction. _ 

_ The method of construction of Waterloo bridge as described by the 
Author was made possible by the introduction into Great Britain, some 
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forty years ago, of reinforced concrete and its subsequent development. 
With that modern material, new proportions were possible, a new type 
of beauty could be created and, if not hidden, seen and appreciated ; 
yet the aesthetic treatment of reinforced concrete led to less truthfulness 
and economy in design than pertained in any other branch of engineering. 
Because subservience to old, outworn, aesthetic standards was considered | 
necessary, a new technique was being wasted, and the aesthetic possi- 
bilities of that comparatively new material were being ignored, although 


’ 


} 
the material was more easily susceptible to treatment than were older — 
materials used for their aesthetic possibilities. 

In a few instances in Great Britain bridges constructed in reinforced 
concrete had been effectively treated at a very small cost to produce 
a structure of very pleasing appearance in its slenderness, the texture : 
and colour of its surface, and its complete harmony with its surroundings, — 
Generally speaking, however, the favourite method of treating that 
material was to hide up its properties by clothing it with stone, brick, 
cement rendering, or even colour washes, in a vain attempt to give it an — 
aesthetic appearance which was a negation of its construction. y 

Reinforced concrete did the work but got no credit, whilst the clothing ; 
which was supposed. to supply the aesthetic appearance got all the 
approbation and did none of the work. . : 

It had been suggested, and rightly, that the locality in which the 
structure was built had to be considered in the selection of the material 
to be used. Whilst that was admitted, surely the manner in which 
it was used was of importance. If it were clearly indicated that the 
material was used for decorative purposes only, that was honest treat- 
ment ; but if it were made to appear to carry the load, then it was purely 

a sham. 

In these circumstances was it not desirable that the appearance of a 
structure should express its construction ? ‘ 

Mr. J. W. Wooding observed that the discussion on the Paper seemed 
to have become focused rather on the subject of bridges; that was, 
perhaps, not unnatural, as it was in the design of that form of structure 
that the engineer and architect competed most, and there was a growing 
tendency for their collaboration. a 

London was very well provided with examples, as no fewer than thirty 
bridges spanned the Thames alone between Richmond and the Tower, 
including almost every known type. The eleven railway bridges were all 
of metal construction with straight, level upper surfaces and with equal 
of virtually equal spans, which features tended to make them uninterest- 
ing; generally speaking, little attempt appeared to have been made to 
create artistic structures, most of them being frankly utilitarian. ‘4 

Most of the road bridges, on the other hand, had more or less curved 
upper surfaces, and either three or five spans, increasing in length and _ 
height towards the centre, whilst greater attention had been paid to 
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- aesthetics, not invariably with happy results. Thus, Mr. Wooding con- 
sidered that the Albert suspension bridge was grotesquely ugly, with its 
diagonal ties radiating from the top of very slender weak-looking towers, 
- making discordant angles with the chains and hangers, whilst even the 
- latter had an unfair curvature, showing a pronounced kink at the centre 
span. Artistically it had no redeeming feature, and it was gratifying to 
know that the bridge was scheduled for renewal at an early date. The 
upper railway bridge at Blackfriars was worse than that at Charing Cross, 
largely owing to the attempts at ornamentation ; the latter was at least 
simple, straightforward, and expressive of function, although somewhat 
- marred by the two brick piers—relics of the old suspension bridge, now 
at Clifton—and by the elevated signal-box ; at high water the proportions 
_ were vastly better than at low water when the cylinder piers looked 

~ unduly tall and slender. In his view by far the most beautiful of London’s 
bridges was that at Kew, which was a three-span elliptical arched bridge 
_ with a rather pronounced vertical curve to the roadway. Its special 
merit, apart from the good proportions and beautiful shape of the arches, 
lay in the fact that the piers were not continued above the springing level 
of the arches, the spandrel walls being carried through flush from end to 
end, broken only by coats of arms in low relief over the piers. Thus no 
discordance appeared between the verticality of the piers and the sloping 
parapet-line, even the lamp standards having been kept to thespan centres. 
No constructed ornaments had been applied, but the arch stones were 
emphasized by rustication in a very skilful manner. 

All that was in striking contrast to the new Lambeth bridge—a 
collaborated design—in which the pier verticals were unduly pronounced 
but were not carried above the parapet, where there was a bad clash of 
lines, made even worse by the erection of an obelisk over each pier, whilst 
the obelisks were completely spoilt by having a pair of lamps clamped to 
the top of each in a manner that looked like a makeshift afterthought. 

The Tower bridge had been severely criticized at one time because the 
towers, apparently of granite, were really of steel construction. If such 
criticism were valid, neither the engineers nor the architects of most 
modern buildings could escape it. In fact, shams had been used in 
: _ pbuilding at least as far back as ancient Rome, where flat arches were built 
over window openings, and even between column-heads, and moulded to 
~ Jook like the lintels they replaced. 

Mr. Wooding wondered which was the bridge of three spans referred 
to by Mr. Peirson Frank as recently completed, and approved by the Fine 
Arts Commission. The most recent was at Wandsworth ; but that was 
‘a steel cantilever bridge with a suspended central portion, and had replaced 
a five-span lattice girder bridge on cylinders, which had at least the merit 
_ of giving the maximum headway possible throughout its length and a 
clear view beneath. The new bridge provided maximum headway for 
only a short length in the centre span, whilst the two side spans gave 
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practically none at high tide, the only time there was navigable water 
through them. Moreover, the solid plated spandrels, coming down nearly 
to high-water-level, cut off all view beneath the bridge, which was situated - 
on a bend of the river and was navigated by sea-going colliers serving the 
Wandsworth gas-works and also by comparatively large coasters. q 

The next most recent was the Chelsea suspension bridge, the aesthetics — 
of which had been discussed at The Institution in 1937 *. Its construction - 
was of great simplicity, like that of most suspension bridges ? but it gaves 
two erroneous impressions of instability: firstly, the cable towers were 
not connected together by an arched bracing in the usual manner, and 
secondly, they were supported on a single hinge on the piers. There wasa 
complete absence of ornamentation, apart from the lamp standards, but the — 
bridge did not suffer in appearance. In fact, it might well be maintained — 
that it was equally true of bridges as of mill-chimneys, that the more they — 
were ornamented the worse they looked. The plain chimney-shaft with 
a judicious degree of taper and entasis, and with a sufficient top moulding ~ 
to prevent its looking unfinished, was far less unpleasing than such an i 
elaboration as, say, Doulton’s chimney at Lambeth. a 

With regard to function as affecting design, it was not always remem- 
bered that a Thames bridge had two equally important functions, namely, — 
' to furnish the necessary access from bank to bank and to provide an — 
adequate waterway for navigation. In three recent bridges there had — 
been retrogression in the latter function, for at Southwark and at Lambeth 
five spans had been substituted for three, necessitating double the number 
of piers in the river and reducing the total, although not the maximum, 
headway, whilst at Wandsworth, the river was much less easily navigable 
than with the earlier bridge. 

The new Waterloo bridge would be a great improvement in that 
respect; but its artistic merits remained concealed for the present. i 
. Functionally, the best use had not been made of the opportunity provided | 

by the rebuilding. What was the use of providing six lines for traffic, 
instead of the three on the old bridge, only to arrive at the worst traffic — 
block in the Strand? It now appeared that £1,000,000, that was, more 
than the cost of the new bridge, was to be spent in making a roundabout at 
the Strand crossing! That might have been avoided by adopting the pro- 
posal of one of the competing designers, namely, to re-site the bridge at the _ 
lower end of Somerset House, when the traffic would have been delivered 
into the existing Aldwych roundabout and the Wellington Street block 
would have disappeared automatically. Several other advantages 
attached to that new site, for the new bridge could have been built with-_ 
out waiting for the demolition of the old one, no interference would have 
been caused to the tramway subway, and the bridge would have been 


* «The Reconstruction of Chelsea Bridge,” E. J. Buckton and H, J. Fereday. 
Journal Inst. C.E., vol. 7 (1937-38), p. 383 (Jan. 1938). 
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_ removed from the sharp bend of the river where the ebb stream set 
_ diagonally through. 
a3 Mr. Wooding wished to endorse Dr. Anderson’s remarks about the 
_ deplorable surface of most concrete structures after a year or two of 
_ weathering, by which time the joints of the concrete lifts and shuttering 
_ showed up, generally, in irregular lines, together with any patching that 
_ had been done. The result was usually shabbiness, and colour washing 
_ was only an expensive palliative at best besides giving an uninteresting 
effect. The most pleasing treatment he had seen so far was that used on 
__ the new bridge at Twickenham, where the gravel aggregate was exposed 
__ by scarifying the surface on removal of the shuttering. That had removed 
all joint marks and had given a warm sandstone colour to the structure ; 
_ but that was beginning to be stained by water dripping through the joints 
- in the cornice. Perhaps some kind of roughened surface could be given 
_ to concrete, as had been done so successfully to Fletton bricks, in order to 
__ hide the inevitable marks of construction. Mr. Wooding hoped that the 
_ Committee suggested by Dr. Anderson would be set up and would get to 
_ work quickly, so that the fruits of its labours would become available in 
_ time for the re-building work after the war. 
5) The Author, in reply, observed that the Paper on aesthetics had a 
_ strange history. It would possibly never have been written but for the 
_ magnetic personality of Professor Inglis, the President-elect, who a year or 
two ago had invited the Author to give a lecture at Cambridge University 
on “The Design of Buildings.” Out of that arose a suggestion that he - 
should give a course of six lectures, and again, being tempted, he fell. 
7 . Having, for those lectures, marshalled some thoughts and conclusions 
_ which had been simmering gently in his brain for the past 25 years or so, 
he was then asked to work them up into a Paper for The Institution, and 
his ensnarement was complete. ’ 

Let that be a warning to others ! ; 

$ In expressing his regret for that indiscretion, he would, however, plead 
as an extenuating circumstance (in mitigation of sentence) that the Paper 
had been instrumental in bringing to the surface the valuable thoughts of 
others, and in that way forming a serious contribution to the subject. 
By far the most interesting and valuable of them was, of course, Pro- 
fessor Inglis’s contribution to the discussion, which had extended and 
exemplified the Paper, as applied to bridges, so much as to form a Paper 
_ in itself of greater value than that ori which it had led the discussion. The 
_ Author felt that he was only expressing the wishes of the whole Institution 
when he recorded his own great indebtedness to Professor Inglis. 

The Author thought that Mr. Allen was in error in stating that “ con- 
temporary architects had come, one might almost say almost universally, . 
to the conclusion that honest expression of both function and the method 
of construction of the structure should be a cardinal design consideration.” 


lit i Me ee ol oe a a A ary 


4 Most of the Author’s architect friends appeared to feel—function, yes— 
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construction, not important. One of the best modern. works put it, that 
where those two things could be combined in an architect’s design thi 
happier he ; but the student was warned that that would seldom be found. 
to be the case. 

The dome of St. Paul’s, and the new Waterloo bridge were obvious 
examples of structures which did not express their construction. Were 
they necessarily to be acclaimed as thereby lacking beauty? That, the 
Author thought, was the touchstone by which that question had to be — 
decided. And he had observed, in a hundred details of construction of 
even “contemporary architects”, that though lip service was given to” 
expression of construction, in practice they appeared content to produce — 
beautiful shapes and compositions by constructions which certainly were 
by no means always ascertainable by inspection. 

How many steel-frame structures, for example, enabled the observer _ 
to say with certainty where the stanchions and beams of the steel frames’ 
were hidden ? Yet those were the very essence of the construction. Was 
not the false ceiling, which completely hid the floor beams, as popular as 
ever ? q 
’ The Author had wrestled with that problem for years, and his settled 
conviction was that it was not safe to go farther than the following :— 


Expression of function adds interest as also does expression 0 
construction. Both add to the beauty of a structure, using beauty in 
so wide a sense as to include something in the nature of intellectual 
appreciation. Both are therefore highly desirable. But it is not | 
always possible to combine both in a design, into which also have to 
be woven the many other fine points relating to beauty—line, 
proportion, rhythm, etc. 

And, as in most other things, in practice a compromise has to b 
effected, and true artistry is shown by him whose compromise contain 
as many as possible of all the desirable qualities, of which undoubtedly 
expression of construction is one. 


It was easier for the Greeks, the Romans, and the’ authors of Gothic 
architecture to give expression to their construction. They had no steel, — 
and the stone had to be proportioned so as to be stable. There was no — 
choice, and therefore the problem hardly arose. ; 

The problem really only began to arise, as both Professor Inglis and the — 
Author had observed, with the introduction of those relatively new 
materials (steel and reinforced concrete) with which, if an architect 
desired to do it, an arch could be inverted into a catenary and almost any 
form or shape became possible, where previously there had been but littl 
choice. : ; 

Were even Greek, Roman, and Gothic examples absolutely honest ? 
Did they not contain myriads of details which had.become purely tradi- 
tional and decorative and served no other purpose whatever, such as the _ 
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# toothing on a lintel (symbolizing the projecting ends of roof beams), or the 
_ fluting of columns (to give a false feeling of slenderness) ? 
e The earnest student who would follow those matters really to their 
ed logical conclusion would become very diffident about saying that any one 
quality was essential, and particularly something so difficult to achieve in 
% its entirety as complete honesty of construction. 
es Would that rule out reinforced concrete altogether ? If not, how were 
_ the reinforcements to be indicated ? Did it rule out the casing of steelwork 
-inconcrete ? Did it rule out all paint, which hid the material to which it 
' was applied. 
_ “What is truth ? ” had cried a sorely perplexed individual. But he was 
~ not so perplexed as would be he who really tried, with complete honesty of 
e, thought, to decide what was really honest construction, unless anything 
' more recent than timber and stone were to be excluded from his con- 
_ sideration. 
r: Hence the Author’s diffidence in daring to require such honesty as an 
 essential—though he still thought it a highly desirable—quality in a 
beautiful structure. What was equally certain was that honesty or 
- expression of construction did not in itself ensure beauty. 
As in other spheres of life, the construction might be hideous; in which 
~ case there was no virtue in parading it. Some things were better clothed 
- in decency : not all construction was beautiful enough to be left naked. 
_ There was, in fact, a beauty of form, line, and proportion, for which, if 
a structure had it, clothing or concealment was the hiding of a beautiful 
_ thing; but, if it had it not, the clothing at least might be in itself a beauti- 
_ ful thing, and so beauty might be better served than by the parading of the 
ugly skeleton within. 

Nevertheless the Author agreed entirely with Mr. Allen as to the im- 
portance of expression of construction, even though, through natural 
timidity, he dared not define it as an essential quality. 

: Mr. Hampson’s point was, no doubt, well found, that the original 
- charter-of The Institution made no reference to buildings; but though 
_ buildings might have contained little engineering at that date, they had 
- certainly developed into engineering structures since. No doubt diffi- 
_ culties could be found in the closer association of engineers and architects, 
_ but those difficulties could be overcome if the desire existed, even though 
- The Institution might not necessarily be the instrument through which 
such merger might best be effected. 
Mr. Beal’s point about streamlining being applied te even immobile 
things so as to make them appear “ modern ” was surely true, as indeed 
~ was also his protest against unreasonable change, for the sake of change, 
~ and his references to the educational value of photography properly used ; 
and the Author was grateful to him for the thoughtful points he liad 
_ raised. 5 i 
r ‘The Author doubted whether it was correct, as Mr. Davidson had 


. 


- 
i 
ae 
ee ms 


é 


586 CORRESPONDENCE ON AESTHETICS OF ENGINEERING STRUCTURES 


asserted, that if a sense of beauty of form were not inherent in a person, no » 
amount of instruction could develop it. The Author believed that everyone 
had such a sense, but that in many it was so undeveloped as to be practi- 
cally invisible. Hence early development was specially important, even - 
if it went little farther, in the case of the engineering student, than to: 
awaken in him interest in the problem, the need for beauty, admitting him | 
to the exciting and thrilling adventures to be encountered in the search for 
it, and opening up for him a new joy in his work. : 
Do that for him, and the Author would trust him to go a long way 
towards mastering the purely technical difficulties. : 
One of the regrets that the Author had had in his own “education at. 
college was that neither in the syllabus, nor in the lectures, nor in any other - 
way was the subject even hinted at, and it was not till 10 years had elapsed 
that he had stumbled on it—and so found a new meaning in design. : 
He was grateful to Sir Frank Gill for his correction of the definition of ' 
cost given in the Paper ; and of course he entirely agreed with Sir Frank’s 
illuminating comments. 
Mr. McKaig’s contribution was also most illuminating, and if the Ania 
had made no reference to fashion and period in design, it was only beca 
he feared he had already monopolized more of The Institution’s space than 
was decent. Actually a whole book could well be written on fashion (which 
was at least as prevalent in building as in dress, so that an educated pom 
could usually tell with certainty the age of a building even ea hun 
years old within a decade or two). 
It was remarkable how a thing in fashion in one age (for siabeee leg-of- | 
‘mutton sleeves) looked right in that age and ridiculous in another. 
In building there were an infinity of designs, all of which might $ 
beautiful, if the essentials of harmony, composition, etc., were observed. { 
All of those virtues might be possessed equally by all the styles—Saxon 
Norman, Early English, etc.—so that there was never a need to hark back — 
to some out-of-date style or fashion, and to do so was to attempt a lie, which © 
seldom even succeeded (though whether that made it better or worse was 
a moot point). 
Thus a certain shop in Regent Street had the Regent Street elevation 
conforming to a certain design in stone which was in a sense modern about 
20 years ago, whilst the rest was built in a mock timber construction — 
of 200 years ago. That was generally unsatisfying. No one really felt 
that it was 200 years old, and the Author for one, did not want to. Much — 
as he loved old buildings, he desired to go forward, not back, taking all the 
best of the old but combining it with the best of to-day and to-morrow. 
The Author loved Tudor buildings, but not Tudor buildings built i 
1941 with a sign inscribed “ Ye olde shoppe ” or some such nonsense. Le 
such things be confined to exhibitions and other temporary extravagances. 
The Author agreed with, and was grateful for, the many useful and — 
important points raised by Mr. McKaig. Could not his question about — 
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Paddington station’s “ collegiate roof and nave-like pillars” be answered 


_by suggesting 

(a) that collegiate roofs and nave-like pillars were not appropriate 
in a. railway station because they gave a wrong association 
and therefore made it difficult for the structure to express its 
function? (Though in mitigation it might be argued that 
Paddington station probably never deceived anyone.) 

(6) that they were executed in materials for which such designs were 
less appropriate, being copies in iron of shapes evolved in 
stone and timber. 

But far be it from the Author to dare to criticize the work of so great a 

" giant as Brunel or Sir Digby Wyatt. 

Mr. Davies had misunderstood something in the Author’s Paper when 


he referred to the “ underlying suggestion that five-span bridges were 


_ superior to those of three spans.’ 
The Author had, in fact, made no such suggestion, but he did suggest 


that generally an odd number (three or five) was more satisfactory than 
_ an even number. 


He was grateful for Mr. Davies’ paragraph about the reason for object- 


ing to the copying of an old style, such as Tudor, and agreed with it. 


He desired to thank all who had contributed to the discussion, and who 
"had thereby created a valuable record of thought on the subject. He was 


"gratified to think that his own unworthy Paper was the ripple which had 


started that great and ever-expanding wave of thought. 
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Correspondence, 


Professor F. G. Royal-Dawson considered that the Author’s definition 
of “‘ Saturation Density ” as the “ traffic flow at a rate when vehicles are 
running as close together as possible” was rather ambiguous and shoul 
apparently contain some reference to speed and safety. For instance, ii 
the Croydon record of 3,600 vehicles per hour per lane, the rate df o 
vehicle per second would be physically impossible unless the average | 
headway between vehicles were at least the average length of a car plus 
a small margin, totalling, say, 20 feet, implying, in 1 second, a speed of ' 
at least 14 miles per hour. If speeds were mechanically controlled and 
the personal factor eliminated, there could be no theoretical limit to the 
traffic-density except that imposed by the speed-capacity of the driving — 
mechanism, even at nose-to-tail intervals, like a chain of buckets. On | 
the other hand, with a given density the headway would vary with the - 
speed. Thus, in the first case the saturation density would increase 
indefinitely with the speed, whilst in the second case saturation conditions 
would be dispelled by an increase of speed. In neither case would satura- — 
tion attain peak dimensions under mechanical conditions. But with the — 
introduction of the personal factor, the question arose of safe interspe oS 
in relation to speed. The Author had shown that, as that involved con- | 
siderations of efficient brake control, the curve of safe saturation contained 
a quadratic element, which in turn disclosed a peak value at speeds 
between 20 and 25 miles per hour, and that value again depended, as 
might be expected, upon the weight of vehicle, ranging broadly from 
1,800 for light vehicles to 1,400 for a heavy type (see Curves B and OC of 
Fig. 1, illustrating Equation (2)). A curve of not-so-safe saturation, for — 
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_ light cars only, was shown in Curve A of Fig. 1. The following par- 
_ ticulars, in which the average length of a light car was assumed to be 
_ 15 feet, and that of a heavy type 25 feet, had been deduced from those 
- curves for facility of reference. 


AUTHOR’S CURVES. 


L denotes length of vehicle, in feet ; V speed, in miles per hour; H headway, in 
_ feet; S saturation density (vehicles per hour per lane). 


Curve. De V. H. Gap : feet. S. 

15 20 45 30 2,350 

A wat <= & { an 15 37 22 2,140 
= 10 30 15 1,760 

15 20 58 43 1,830 

ea an 5 | os 15 44-5 29°5 1,760 
73 10 303 18 1,580 

; 25 20 75 50 1,400 

C a { 5 15 58 33 1,360 
ae 10 45 20 1,170 


~ less effective than a well-designed roundabout. 


- available. 
_abouts* he found that many existing layouts were badly designed. 
_ Dealing with the question from first principles, his observations led him 


Those values referred to road densities ; but as the traffic utility of a 


_ road was ultimately dependent upon the capacity of its intersections, on 
_ the principle that the efficiency of a chain was no greater than that of 
_ its weakest link, the Author had rightly devoted much attention to 
junction statistics, deriving therefrom the important conclusion that a 


signal-controlled junction, although a necessary evil in street traffic, was 
That suggested that more 
attention should be devoted to the latter.in new projects when space was 
When Prof. Royal-Dawson commenced the study of round- 


to the conclusion that an average vehicle 20 feet long, travelling at 


10 miles per hour round an island about 140 feet in diameter, could weave 


itself without difficulty into a converging stream, provided the latter 


presented interspaces or gaps of about 46 feet, conditions which would 


S. per hour. 


x 


be met by assuming the converging stream to havea density of 800 
vehicles per hour per lane, travelling at the same average speed of 10 miles 
The vehicle occupying the gap would thus have an average 
margin of 13 feet before and behind, so that the actual mean headway 


_ would be 33 feet. Fora car 15 feet long that would mean a gap of 18 feet, 
which was comparable with the Author’s curve B at 10 miles per hout, 


_ and safer than his curve A at the same speed. 


The density assumed by Prof. Royal-Dawson for the converging 


_ stream was intentionally conservative, in order to show that a minimum 


+ speed of 10 miles per hour.was necessary to avoid congestion. 


= 
a 


s 4 


- 


_ 


Assuming 
equal traffic in all directions at a four-way roundabout, one-quarter of 
the volume of the circulating area might be supposed to discharge itself 


m8 Road Curves.” F. G. Royal-Dawson (Spon). - 


590 CORRESPONDENCE ON ROAD TRAFFIC CALCULATIONS. . 


at every exit, just before a similar influx joined the stream, so that th 
net density of 800 assigned to the latter during the interim would be 
increased to about 1,100 by the influx, followed by a similar discharge and 
influx at the next opening, and so on. The reason why this density did 
not reach the curve B value of nearly 1,600 was that the interim sections 
of the circulating area were necessarily running at half capacity (800) 
after each discharge in order to provide adequate gaps to absorb the next 
inflow. That might perhaps indicate some sort of weaving factor. Thus, 
for a well-designed roundabout with a three-lane circulation, the capacity fF 
at 10 miles per hour might be assessed at 3,300 vehicles per hour. : 
He had no doubt that that capacity could be increased by a judicious 
increase of speed. Assuming a net volume of 900 vehicles per hour per — 
lane, that was, 4 seconds per vehicle, at 15 miles per hour (22 feet per 
second) the headway would be 88 feet, leaving a gap of 68 feet for a 
20-foot car, so that a vehicle occupying that gap would have a margin 
of 24 feet fore and aft, equal to a headway of 44 feet, which might ba 
compared with the Author’s curve B at that speed. That would bring 
the gross capacity of the lane to 1,200 at 15 miles per hour, or a total of 
3,600 for a three-lane roundabout, which might be compared with the 
Author’s 3,850, obtained from an empirical formula in which the vehicles 
had been assumed to be 15 feet long and 5 feet wide. By slightly increasing 
either of those car dimensions the figure would be reduced to the neighbour- 
hood of 3,600. Thus, although approached from different standpoints, 
there appeared to be no great disparity between their respective con: 
clusions. .. 
Prof. Royal-Dawson considered that 15 miles per hour should be 
regarded as the maximum safe speed for weaving under saturation con- 
ditions, because (a) it appeared to be just within the controlling capacity 
of the average driver, who had to make give-and-take movements in both — 
steering and timing in the process of weaving into transitory gaps of | 
60 feet or so, and (b) higher speeds would conduce to undesirable contin 
fugal conditions around a moderately-sized island of, say, 140 a 
diameter. : | 
Reverting to the design, an influx of 300 vehicles per lane meant, fo: 
a three-lane roundabout, a total contribution of 900 vehicles per honey 
from any road in one direction. If each road to the roundabout were 
splayed to a two-lane width on both the entrance and exit sides, that _ 
meant that the volume of traffic approaching the roundabout was no 
greater than 450 per hour per lane, or 8 seconds per vehicle, which, at 30. 
miles per hour, would be well below saturation. That speed would have to 
be reduced to 15 miles per hour on entering the circulating area. Many 
engineers appeared to be under the impressién that that reduction in 
speed should be physically enforced by pinching in the near curb com- 
manding the entrance. That appeared to be both psychologically and 
dynamically wrong in principle. Apart from hampering a driver’s move- 
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ments at the critical moment when he should be free to exercise his own 
judgment, the effect of a sharp-radius throat was not only to create 
_ congestion by compelling vehicles to slow down to a crawl, but also to 
obstruct the converging stream of traffic by causing the noses of vehicles, 
especially those of long wheel-base, to protrude athwart the nearest lane 
_ instead of gradually veering into the stream-line as they would do with 
| an easy open approach. That pinching of the throat was a common fault 
in many existing roundabouts. The average driver was quite capable of 
- slowing down from 30 to 15 miles per hour without the use of crude 
impediments of that nature, when the purpose of such reduction was - 
obvious. 

Mr. R. A. Ryves considered that the most important aspect of the 
subject, as presented and discussed, was the relation between maximum 
density and speed. Some misunderstanding had arisen in regard to the 
inclusion in the formulas of the length, L, of a vehicle—an important point 
in view of the relatively low speeds which gave saturation densities. That 
had to be included in equation (1), as otherwise the aggregate of the 
_ lengths considered in a mile-long procession of n vehicles would fall short of 
a mile by mL feet. It had also to be included in equation (2), for the same 
reason, since however “ headway ” be defined, the space that could be 
_ traversed in reaction-time and in braking-time came to an end at the rear 
of the preceding vehicle. Fora speed of 224 miles per hour anda coefficient 
_ for road surface friction of 0-5, fully utilized by brakes and drivers of 100 
_ per cent. efficiency, the distance travelled in reaction-time, taken as 1 
second, was 33 feet, and the pulling-up distance, after application of the 
brakes, was 34 feet; or that distance might be taken as three-fifths of 
_ the braking-to-a-stop distance with a coefficient of road surface friction of 

0-3. 

Serious miscalculation might result therefore, either from imagining 
_ that L provided a margin of safety, or from ignoring it and thus exaggerating 
the figure for saturation density. For example, | mile divided by (33 + 34) 
feet gave 79 vehicles or, at 22} miles per hour, 1,777 vehicles per hour ; 
whilst if divided by (33 + 34 + 15) feet, it gave 64 vehicles, or 1,440 per 
hour. 

With V = 22-5 miles per hour and L = 15 feet, a density of 1,800 
vehicles per hour, or 80 in a mile-long procession, allowed a braking- 
distance of 18 feet, at the end of which the speed would be nearly 22-6 
feet per second, or 15-4 miles per hour. It was evident, therefore, that 
under road and traffic conditions such that a dead stop due to a collision 
was not a negligible risk, the difference between a density of 1 800 vehicles 
per hour and one of 1,400 vehicles per hour—which, with a coefficient of 
4 road surface friction of 0:5, allowed vehicles to come to rest in the braking- 
_ distance available—was very important. In regard to smooth traffie-flow, 
however, the figures, 80 per mile, 1,800 per hour, and 22} miles per hour 


were highly significant ; for if the number per mile were increased to 100 


. 39 
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and the speed reduced to 18 miles per hour, the braking-distance available : 
——less than 12 feet-—would be too small, 21 feet being the braking-to-a-stop — 
distance ; whilst if, on the other hand, the number of vehicles in a mile 
were decreased to 69 and the speed increased to 26 miles per hour, giving — 
1,794 vehicles per hour, the distance run in reaction-time being 38 feet and 
L = 16 feet, the braking-distance would be 23-5 feet, whereas, for 26 miles; 
per hour, the braking-to-a-stop distance was 45 feet, and the speed after 
braking for 23-5 feet would be 18 miles per hour. That compared un- 
favourably with 80 vehicles per mile at 22-5 miles per hour, for the kinetic 
energy of a vehicle at the end of the braking-distance available was 44 per 
cent. more at 18 miles per hour than at 15 miles per hour. 

It was wrong to suppose that the spaces between vehicles actually 
allowed by drivers varied so much that the average spacing had no signifi- 
cance, or was not a dependable factor. In the first place—apart from 
drunken driving—there was a minimum headway, as allowed by the least 
cautious of drivers. In the second place, if the leading vehicle stopped — 
dead, as in a collision, or if a vehicle emerging from a gateway blocked the ; 
road, the spare headway allowed by the more cautious drivers would be 


7 


: 
. 
: 
: 
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utilized ; for every driver would try to avoid (a) running into the vehicle _ 
in front of him, and (b) being run into by the vehicle behind him, the 
tendency being towards equalization of the diminishing braking-distances. 

The preceding calculations showed that equation (2) should not be 
used instead of computations with all the cards on the table; but they 
pointed, also, to its usefulness for the purpose of drawing such curves, as _ 
A and B in Fig. 1. For every-such graph, however, the following data __ 
should be given: (1) coefficient of road surface friction assumed ; (2) re- 
action-time allowed for ; (3) braking-to-stop-distance ; (4) braking distance 
(average) available ; (5) speed at the end of the available braking distance ; 
(6) assumption as to the proportion of braked weight to total weight. For 
some classes of traffic (6) was of considerable importance. Mr. Ryves,in || 
his calculations, had assumed that all the wheels were braked. In using 
graphs, a simple way to take unbraked weight into account was to use the 
curve for the proportional coefficient of road surface friction ; when that 
factor was assumed to be 0:5, and three-fifths of the total weight to be 
braked, the curve was that for coefficient 0-3. 

He wished to emphasize that further discussion and investigation 
should have, not one centre, but two: (a) with regard to safety and under 
the more risky conditions, the braking distance being the same, or nearly 
the same as the braking-to-a-stop distance, and the density 1,400 vehicles — 
per hour per traffic lane for a coefficient of road surface friction of 0-5; 
(6) under relatively safe conditions and with regard to smoothly-flowing 
traffic, the braking distance being substantially less than the braking-to-a- 
stop distance, the coefficient of road surface friction 0-5, and the density — 
of traffic 1,800 vehicles per hour per traffic lane. . - 

The Author, in reply, observed that he agreed with Mr. Tripp on the 


- 
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necessity for working from actual census results and by continuous experi- 
ment, but, as in other branches of engineering, calculations were necessary 
to apply the results to practical problems. Engineering calculations were 
frequently based upon inconstant factors and assumptions, and in the 
design of new works it was often necessary to rely on the best available 
estimate, which might later prove to some extent inaccurate, of such 
factors as foundation conditions, loads to be carried, and water-flow. The 
Author hoped that calculations would be as much help to the engineer in 
connexion with traffic problems as with other parts of his work. The 
Author’s experience had been that differences in the composition of traffic 
had less effect than other factors, such as lay-out, and he could cite many 
cases where traffic calculations had given forecasts which had agreed closely 
with observed results. 

Professor Royal-Dawson and Mr. Ryves had made some useful elabora- 
tions of the arguments expressed in the Paper on the question of relation 
between speed and saturation density. The conditions on the Croydon 
by-pass were exceptional and occurred only where a dense stream of traffic 
at high speed was suddenly compressed into one lane. As the headway 


_ was only 1 second, the space between vehicles was less than the distance 


travelled in the driver’s reaction-time, 

As he had indicated briefly in his reply to the discussion on the Paper, 
the Author was inclined to the opinion that the interspace between vehicles 
in a dense traffic stream tended to vary with the general traffic conditions, 


_ At one end of the scale on modern roads not complicated with standing 


vehicles and pedestrians, where any need to pull up would be visible well 
ahead of the car in front, it tended down towards the distance travelled 
during the reaction-time (= rv ft., where reaction time =r seconds). At 


the other end of the scale, in city streets, where anything might happen, it 
- tended up towards the full pulling-up distance.(— rv om where pz denoted 


29 


’ the braking coefficient). The value of A in equation (2) of the Paper might 


rm, 


ee ee ee 


be regarded as the measure of the personal factor and B as the measure of 
the effect of the braking efficiency of the vehicle and road together with the 
general traffic conditions. (The weight of the vehicle was not directly 
involved.) | 

The effect of differences in B was not great at low speeds, and, therefore, 
was not of much practical importance, as the capacity of roads was 
governed by the conditions at points where speed was low. . 

Professor Royal-Dawson had reached somewhat similar figures for the 
capacity of a roundabout to those of the Author, and by similar methods, 
from assumptions as to the space required between vehicles for weaving, 


The Author’s calculation. was based upon the same standard of driving 


clearance as on the open road, It was obvious from experience that the 


size of the roundabout had to be considered, but at the present state of 


knowledge only an empirical factor could be suggested. 
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He agreed with Professor Royal-Dawson that it was wrong to try 


to reduce the speed of traffic by creating a bottle-neck. That was, 
however, rarely done except indirectly by using sharp curb radii. Drivers 
appeared to accept a much lower standard of comfort than that assumed 
by Professor Royal-Dawson, however, and drove round the roundabouts 
at a much higher speed than his theory would allow. . 


Paper No. 5238. 


“The Gebel Aulia Dam.” ¢ 
By Atrc Grorce VaucHaAn-Lex, M. Inst. C.E. 


Correspondence, 


Mr, Frederic Newhouse observed that the Gebel Aulia dam was a 
magnificent and imposing structure which amply fulfilled its purpose of — 


forming a reservoir to hold about 3,000 million cubic metres of water, and 
thus provide for the summer irrigation of an area of some 600,000 feddans 
in Egypt. That was, however, very far from being what a reservoir at 
Gebel Aulia should be if it were to play its true part in the chain of works 
which would eventually control the whole of the waters of the Nile basin 
for the benefit of Egypt. . - 
The present small reservoir fulfilled no function in such a chain. It 
supplied a small amount of extra water to Egypt and nothing else ; but the 


true Gebel Aulia reservoir which would one day be made there would have — 


a far wider usefulness. j 
Egypt was not only in need of much extra summer water but also was in 


great danger from high floods that might cause disaster. There had been no | | 


very dangerous flood during the present century, the last. one that caused 
real anxiety being the flood of 1892. To protect Egypt adequately against 
the recurrence of such floods as occurred every four or five years from 
1860 to 1890 was a work of such magnitude that it had been avoided for 
many decades. The original proposal for building a dam on the White 
Nile was called “A project for the improvement of drainage in Lower 
Egypt.” That was to be effected by closing the dam on the falling flood 
and thus impounding the water ponded in the White Nile valley. That 
would not be released until the high flood levels had fallen and thus the 
period of such levels in Lower Egypt would be reduced by some weeks. 


+ Journal Inst. C.E., vol, 16 (1940-41), p. 326 (June 1941). 
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The flood stood well above ground-level in Lower Egypt, retained between 
high Nile banks, and thus caused damage to crops through infiltration. 
Any decrease in the period of high water would, therefore, be a definite 
benefit to the drainage ; but the actual protection against high floods was 
negligible, as that dam could only reduce the peak of such a flood by a few 
centimetres. The possibilities of the Gebel Aulia site were, however, cap- 
able of development to be of far greater use by the building of a dam there 
that should retain water up to a level of +380-0 or even +380-50. Up to 
the level of + 379-00 the Gebel Aulia reservoir was normal though waste- 
ful. It could hold somewhat over 5,200 million cubic metres up to that 
level, of which about 4,000 million cubic metres, allowing for losses while 
standing full and in transmission, would reach Egypt. Above that level 
of -+ 379-00 the shape of the valley changed and the land became very 
flat indeed, so that by raising the water-level to about + 380-00 the capacity 
of the reservoir would be doubled, attaining a total of 10,000 million 
cubic metres. That higher plateau had not been contoured, so that the 
capacity was not exactly known, but it was believed that the above figure 
was not far wrong. The amount of water taken to fill such a reservoir 
would be much greater than its cubic capacity, owing to the enormous 
absorption and evaporation losses that would occur during the process of 
filling. It was obvious, therefore, that by heightening the present dam 
by a matter of 2-80 metres, or perhaps 3-3 metres, the utility of the work 
to Egypt could be far more than doubled, for not only would the amount of 
summer water arriving in Egypt be doubled, but in addition indispensable 
flood protection would be afforded. 

* Mr. Newhouse considered that the flood protection function should be 
considered from two angles, relative to the White Nile and to the Blue Nile. 
As stated by the Author, at present the Blue Nile was practically entirely 
responsible for flood levels in Egypt and a flood-protection reservoir that 
controlled only the White Nile could do little more than lower the peak of 
high floods by about 30 centimetres and reduce the period of high levels 
in Lower Egypt by about one month. One should, however, look to future 
developments, which were not merely vague aspirations but had in recent 
years reached the stage of becoming definite projects, namely the Lake 
‘Albert dam and the canalization of the Upper Nile by means of a sudd 
channel. Enormous floods could occur on the White Nile system, though of 
course not so great as those of the Blue Nile ; but in 1917 -18; for instance, 
the peak discharge from Lake Albert was of the order of 3,000 cubic metres 
per second. In the circumstances then existing that mass of water was 
dissipated in the swamps of the Upper Nile basin, but levels did not subside 


~ to normal for a period of about 18 months. Under future conditions, if a 


very high flood like that occurred at a time when the Lake Albert reservoir 
was full, which might well be the case, similar or even greater discharges 
might occur, cod some means of dealing with them should be found. The 
water could not be held in Lake Albert, which would be full, and would 
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therefore have to pass along the sudd channel, reaching the main Nile at 
Khartoum at approximately the same time as the Blue Nile peak reached 
that point. The combination of the two would cause disaster in Egypt. 

The White Nile flood might be dissipated either by spilling it into the — 
sudd region or on to the high levels of the White Nile province, made 
attainable by a high dam at Gebel Aulia as above described. The choice 
between those two areas as flood escaped was largely a matter of policy 
and economics, but at that stage it seemed that the White Nile areas were 
more suitable for such a function than the tropical regions of the Upper 
Nile which, when relieved of swamp conditions by the sudd channel and 
Lake Albert dam, might well become very fertile and populous. 

A high flood from the Blue Nile was not a thing that would not occur 
till the future when vast projects had been carried out, but was an actual — 
danger that might ‘occur any year now without warning. There was no 
method of foretelling what kind of flood there was going to be on the Blue 
Nile and the utmost knowledge available to Cairo was 13 days’ warning 
from the levels at Roseires on the border of Abyssinia. The danger from 
those floods would certainly increase as Abyssinia became settled and the 
basin of the Blue Nile became cultivated, for:that was bound to increase 
the run-off. If that settlement and cultivation took place with the same 
disregard for common-sense precautions as marked the development 
of the United States and many other countries, so that denud&tion on a 
large scale took place, the danger to Egypt was illimitable. Leaving aside 
those possibilities, the present dangers were big enough to warrant the 
expenditure of large sums of money. 

A high flood in Egypt due to the Blue Nile might be met in two ways. 
Kither it could be allowed to occur and protection be provided in Egypt 
by means of strong and high Nile banks, or it might be entirely averted 
by turning part of the flood water into some reservoir outside the 
boundaries of Egypt where it could be stored until its escape would do 
no harm. Such a reservoir would be provided by the proposed high dam 
at Gebel Aulia, already shown to be needed to cope with possible dangerous 
floods on the White Nile. To divert the Blue Nile into that area a switch 
channel was needed from the Blue Nile into the White Nile through the © 
Gezira, as the land between the two rivers was called. ‘The description 
and discussion of the project for such a channel, known as the Gezira 
cross-cut, would require a whole Paper to itself, and all that could be 
given here was a brief statement of the proposal, and of the effect the work 
would have on dangerous floods. ee 

The proposal was to make a canal capable of discharging 3,000 cubic 
_ metresper second, toflowfrom the Blue Nile below the Sennar dam into the 
White Nile above the Gebel Aulia dam, with a headwork on the Blue Nile. 
That canal would serve a double function in regard to the high Gebel 
Aulia reservoir and the Blue Nile. Firstly, the high reservoir could not 
be filled to the + 379-00 level in every year from the White Nile water 
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alone, but as there was always a surplus in flood in the Blue Nile, the 
cross-cut would be opened early in the flood to take the necessary amount 
from the Blue Nile into the White Nile reservoir to make certain of filling 
the latter, however low the White Nile flood might turn out to be, and the 
summer supply would be assured. 

When that amount had been taken, the cross-cut would cease to work 
unless the Blue Nile rose above that level which was known to produce 
danger in Egypt, and then all discharges above the amount required to 
produce that level would be diverted into the high Gebel Aulia reservoir. 
Calculations showed that a cross-cut capable of discharging 3,000 cubic 
metres per second would be able to fulfil that function in any known flood, 
and that the high reservoir was big enough to hold the necessary quantity. 
Thus all danger to Egypt from the Blue Nile flood would be eliminated. 

The two proposed works, the high White Nile dam and the Gezira 
cross-cut, were supplementary to each other, and between them would 
afford security to Egypt against any Blue Nile flood, and at the same time 
ensure in every year an additional amount of the summer water that 
Egypt required for its final development. 

The present Gebel Aulia reservoir was only a partial use of the 


- potentialities of the site. It could not take its place as a link in the chain 


of works needed for ultimate Nile control, but as the Author had pointed 
out, it had been designed on a wide base, so that.it could in due course be 
heightened to fulfil its proper function. 


Paper No. 5254. 


“Characteristics of Fire Jets.” T 


_ By Jamus STANLEY Buair, B.Sc. 


Correspondence. 


‘Mr. A. L. Hancock considered that the value of the Author’s experi- 
ments was somewhat reduced by one or two discrepancies which appeared 
to exist in the results; but which could doubtless be explained. The formula 
for the discharge from nozzles contained the constant 24-7. It appeared 
that that was not the correct value; the constant might be evaluated as 
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follows :-— 
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where w denoted the density of water at the working temperature, in 
pounds per cubic foot. That simplified down to: 
7 


V 2gw x & 


Inserting the values g = 32-19, and w = 62-35 (at 60° F.), the value of the — 
_ constant was 24-88. 
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As that was about } per cent. higher than the value used by the Author, — 
the discharge efficiencies of the nozzles became about ? per cent. lower than 
the values given in Fig. 2, They were, therefore, more in line with previous 
test results and, incidentally, with the discharge coefficients of Venturi 
tubes as used so extensively for flow measurement. 

Mr. Hancock was unable to reconcile the curves of Fig. 1 with the flow 
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calculated from the formula. For example, for a l-inch nozzle at 20 lb. 
per square inch, the discharge was given by Fig. 1 as 100 gallons per 
minute. The formula gave, for the same conditions, a discharge of 111 
gallons per minute. 

The very full information about the trajectory of jets appeared to be 
by far the best yet produced, and should prove of great value to all fire 
engineers. 

The Author, in reply, observed that Mr. Hancock’s statement that the 
constant 24-7 should, strictly speaking, be 24-88, was correct with the 
particular values of g and w which he had used. The value 24-7 had been 
arrived at by taking approximate values for the various constants involved. 
The use of the constant 24-88 would not necessarily alter the values given 
for the discharge efficiency of the nozzles, since the plotted points shown on 
Fig. 1 were not sufficiently close to any definite series of lines to justify any 
claims to high accuracy. Consequently, the nozzle efficiencies could only 
be taken as approximate. They were, however, sufficient for ordinary 
purposes when it was remembered that probably no two commercial 
nozzles would give exactly the same results. 

With regard to Fig. 1, an error had unfortunately occurred in repro- 
duction, whereby the curves were displaced relative to the background. 
A correct reproduction of Fig. 7 was given on p. 598. 
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Paper No. 5169. 


“The Strengthening and Final Testing of the Pressure Tunnel 
for the Water Supply of Sydney, N.S.W.” f 


. By SamueL THomas Farnsworts, B.Sc. (Eng.), M. Inst. C.E. » 


Author’s Reply to Correspondence *. 


The Author observed that he agreed with Mr. A. R. Ford that more 
‘research was required into the nature of eddies set up by restrictions in 
pipes, and he considered that such research could, with advantage, also” 
be extended to other forms of regularly-spaced obstructions, such as lines © 
of rivet-heads. When the original calculations were made for the discharge | 
of the pressure tunnel, no information other than the usual formulas for 
the loss in restrictions and the general internal surfaces of pipes, was 
available. The suspicion that regularly-spaced internal joints might cause 
greater losses than the accepted formulas indicated arose entirely from 
experimental researches in connexion with fluid friction as affecting the 
behaviour of aircraft. The transfer of the results from aeroplane research | 
via the general theorems of fluid mechanics to the case of a pipe carrying — 
water, was fully justified by the model-tests undertaken by Professor Leech. _ 
Had the report by Professor Leech, which formed an Appendix to the | 
Paper, been published, the basic reasons for that unexpected decrease in — 
capacity could have been fully appreciated. In section 9.3 (Use of Scale — 
Models) in the MS., they were summarized as follows :— 


“ Calculated as a succession of contractions and expansions by the | 
usual formulae, the effect of the joints appears to be negligible, but 
actually, in the case under consideration, the relative dimensions are 
such that the projections are not changes in form in the hydraulic — 
sense, but may be regarded as increasing the general turbulence by 
changing the boundary layer conditions.” < 


t Journal Inst. C.E., vol. 11 (1938-39), p. 561 (April 1939). 
* Ibid., vol. 12 (1938-39), p. 501 (October 1939). 
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: The report also showed that neither the Williams-Hazen, the Manning, 
_ nor the Kutter formula could legitimately be applied to pipes having 
_ internal constrictions similar to those produced by the internal joints in 
the Sydney pressure tunnel. Although the final head-loss results of the 
pressure tunnel were shown recalculated in the Paper in terms of the 
Williams-Hazen coefficient, that had been done for immediate comparison 
with the originally assumed values. Professor Leech’s analysis of the 
problem, and the subsequent model and full-scale results, had shown that 
- constrictions due to internal joints departed fundamentally from the con- 
ditions of roughness applied in the use of the ordinary pipe formulas. 
Those conditions were that the formulas should be applied to normal pipes 
in which the rugosity was the statistical average of the random projections 
produced either by the original pipe surface-finish or corrosion or ‘other 
deposits. Such random projections resulted in a substantially constant 
condition of roughness throughout the pipe. In other words, the roughness 
was not dependent upon any particular length-factor in the pipe. With 
regularly-spaced minor internal projections, such .as the joints of the 
pressure tunnel, that condition of average roughness independent of a 
" length or spacing factor did not apply. The only way in which a formula 
might be given to cover cases similar to that of the pressure tunnel would 
be by applying an expression into which were introduced dimensionless 
_ terms involving the form of the constriction as defined by some character- 
“istic number, the ratio of size of constriction to the diameter of the pipe, 
and the ratio of the distance between constrictions to the diameter:of the 
pipe. In addition there would be a term characterizing the degree of 
roughness of the pipe-surface between constrictions. It would be obvious 
that a general formula of universal application on that basis:would not be 
feasible. Professor. Leech’s specific results for the Sydney pressure-tunnel 
were therefore based upon a scale-model of the constrictions, and could 
_ apply only to pipes and joints which were geometrically similar in all 
details to those of the pressure tunnel. For. conditions of general tur- 
- pulence such as existed in the pressure tunnel, and for all normal pipes 
and channels, Professor Leech had shown that the constants for any 
- particular size of geometrically similar full-scale pipes could be derived 
from the constants determined from a scale-model by means of the focus 
% diagram described in his report. It was quite probable that Professor 
_Leech’s important discovery of the focus method of expressing pipe friction 
results might lead to supersession of the formulas commonly used’ for 
- evaluating pipes and channels, when the fundamental importance, wide 
- scope, and applicability of the laws of fluid mechanics demonstrated by 
~ recent aeronautic research became more widely recognized. 
: It was substantially correct that on the basis of the test results a pipe 
_ of about 7 feet diameter would have a capacity equal to that of the tunnel 
as constructed. It did not follow, however, that even if the unexpectedly 
e high losses due to the constrictions had been known from the outset, external 
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joints would have been used, since, when once concreted in, there woul d 
have been no possibility of correcting faulty joints—a very re 
condition, from the point of view of both outward leakage and inward 
infiltration of ground-water when the tunnel was dewatered, an operation 
that had to be undertaken from time to time for inspection and cleaning 
purposes. : 

Unfortunately, the existing reticulation arrangements were insuficicllll 
developed to afford any opportunity of practically testing the tunnel over 
the fullrange. In the Author’s opinion, the net result of the investigatio 
model-tests, and mathematical analysis, had definitely established that, in 
future, whenever a water conduit was constructed so that regularly recur- § 
ring alterations in cross-sectional area occurred, even of comparatively 
minor magnitude, warning should be taken from the results obtained in the 
pressure tunnel, and, in the present stage of knowledge, it might prove to 
be necessary to contemplate model-experiments in order to be satisfied 
that reasonable accuracy had been secured. It was apparent, therefore, 
that when all existing comprehensive formulas yielded results wide of th 
mark, there was little value in determining which showed the least error. — 
_ Mr. H. J. F. Gourley’s experience with 32-inch diameter mild-steel 
pipes lined with a }-inch thickness of bitumen, was interesting. The 
Author considered that the observed results were almost certainly co 
nected with a property of the bitumens to act as very viscous liqui 
possessing the quality of absorbing air in solution, and in quantiti 
dependent upon the pressure. Probably the blisters and the cracking — 
observed by Mr. Gourley were due to differences in the origin, grade, and 
qualities of the bitumens employed. A detailed description of the obser- 
vations made on the pressure tunnel, together with photographs, h 
been given in the unabridged Paper. x 

The possibility of sagging of the bitumen lining in the mild-steel line 
or pipes prior to laying had been carefully considered when investigating the 
most appropriate grade of bitumen to employ, and an extensive series of — 
tests had been made by lining a large number of pipes with different experi- 
mental mixtures and exposing them to midsummer conditions in Sydney. 
The adopted lining, although slightly softened at maximum temperatures, 
was immune from any sagging or creeping. 4 

During transit of the pipes from factory to site, expanding stays were 
set up at right angles, inside and at each end of a pipe, in order to prevent 
any divergence from circularity under vibration. 

At all stages of construction, and also immediately prior to the hydrauli 
tests, very careful attention had been paid to the possibility of “ drummy ” 


patches occurring. The whole work was, however, remarkably free from 
such phenomena. ; 
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Concrete Beams. R. H. Evans. No. 5276. 


Nomograms for the Design of Reinforced-Concrete Beams and Slabs. 
C. S. Mackintosh. No. 5278. er. 


-CosMIC ENGINEERING.—Cosmic Engineering. H.C, King. No. 5283. 


pAms.—The Construction of an Arch Dam for Temporary Work. J. A. 
Posford. No. 5286. 


 poCKS AND HARBOURS.—Harbour Developments at Greymouth, N.Z. 
D.C. Milne. No. 5258. 
_ FOUNDATIONS.—The Ultimate Bearing Pressure of Rectangular Footings. 
H. Q. Golder. No. 5274. 
A New Theory for Clay Slopes, Dams, and Retaining Walls founded 
on Clay. E.C. Smith. No. 5272. 
The Bearing Capacity of Footings on Clay. Guthlac Wilson. No. 5282. 


GasEs.—Poisonous Gases in Industry. R. C. Smart. No. 5285. 
PILES.—Soil Reaction, to Pile-Driving. R. V. Allin. No. 5275. 


_ RAILWAYS.—Survey for Reconstruction of Tube Stations. T. M. Megaw. 
No. 5281. 


ey oe * Available for reference in the Library. 
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RIVERS.—Silt Transportation. W. M. Griffith. No. 5279. 


An Investigation of the Stability of Bed Materials in a Stream 
Water. Jack Allen. No. 5288. 


ROAD CONSTRUCTION.—Burma Yunnan Road. J. F. H. Nicolson. No. 
5273. - 


ROAD-CURVES.—Psychology of Steering in Relation to Road Curve Design. 
Prof. F. G. Royal-Dawson. No. 5289. 


soIL MECHANIcS.—A Laboratory Study of London Clay. L. F. Cooling 
and A. W.Skempton. No. 5270. 


STRUCTURES.—Vibrations due to Blasting and their Effects on Building 
Structures. G. Morris. No. 5256. 


Vibration of a Thin Vertical Cantilever Caused by a Uae Harmonie 
Disturbance of the Ground. Prof. Max. Born. No. 5257. 


Steel Pedestals for Heavy Columns. V. F. Bartlett and J. Y. Danks 
No. 5262. 


The Structural Design and Dynamical Behaviour of Surface Shelters. 
T. M. Cartledge. No. 5269. 


The Design of Transmission Towers. G. R. Brueton. No. 5290. 


TUNNELS.—Some Engineering Aspects of the Channel Tunnel, R, E. R. i 
Hammond. No. 5284. 


WATER SUPPLY.—Deep Enclosed Artificially-Ventilated Filter Beds vers : 
Ordinary Open Filter Beds: A Comparison under Working Con- — 
ditions. C.J. Dekema and K. A. Murray. No. 5277. 


The Incidence of Drought in Queensland during the 50-Year Perio ia 
1886-1935, W. R. Baldwin-Wiseman. No. 5280. . 


WwavEs.—Sea Waves. P.J.H. Unna. No. 5287. 
WELDING.—The Spot Welding of Steel. P,L, Henderson. No. 5271. 
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~ EDWARD OTTO FORSTER BROWN was born at Cardiff on the 
- 26th November, 1881, and died at Fountain House, Park Lane, London, 
on the 22nd May, 1941. He was educated at Aysgarth School and Win- 
chester, and pursued his Engineering studies at the Durham College of 
Science, Newcastle-on-Tyne. He received his training in mining science 
in South Wales, Northumberland, Scotland, and Germany, and in 1905 
passed first in the examination for the First Class Colliery Manager’s 
certificate. He then spent 2 years in America, Africa, and the Far Kast, 
investigating mining conditions, and later acted as resident consulting 
engineer for seven colliery companies in northern Mexico for 2 years. 
In 1912 he commenced +o practise in London as a consulting mining 
engineer, and was directly associated in an administrative or advisory 
capacity with the development of coalfields in Kent, South Wales, the 
‘Midlands and Durham, and also with the iron ore reserves of France and 
North Africa, whilst he prepared numerous reports on coalfields in many 
other parts of the world. He gave evidence before the Sankey Coal Com- 
mission in 1919 and the Samuel Commission in 1926, and also acted as a 
| Special Referee for the Court of Appeal. In 1921 he was sent by the 
| League of Nations to Upper Silesia. He was a member of the Royal Com- 
mission on Safety in Mines, and of the Board of the Geological Survey of 
Great Britain. iva 
_ Mr. Forster Brown was elected a Member of The Institution on the 
5th February, 1924. Previously, in 19221, he had presented a Paper 
entitled “Underground Waters in the Kent Coalfield and their Incidence in 
- Mining Development,” for which he was awarded a Telford Gold Medal. 
In 1940 he was elected President of the Institution of Mining Engineers, 
and was serving for a second term at the time of his death. He was also a 
Fellow of the Surveyors’ Institution, and a member of the American 
Institute of Mining and Mechanical Engineers. 
5 In 1912 he married Louise du Pont, of Savannah, Georgia, and 745 
- Riverside Avenue, Jacksonville, Florida, and had two daughters. 


j THE RIGHT HON. LORD CADMAN OF SILVERDALE, G.C.M.G., 
_ was born at Silverdale, Staffordshire, on the 7 th September, 1877, and died 
at Shenley Park, Bletchley, on the 31st May, 1941. He was educated at the 
High School, Newcastle-under-Lyme, and at Armstrong College, Durham, 


4 Min. Proc. Inst. C.E., vol. cexv (Session 1922-23, Part 1), p. 27. 
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where he gained the degree of D.Sc. His practical training, extending over 
7 years, was obtained at the Butterly Coal and Iron Works, Staffordshire. 
At the early age of 23 years he was appointed manager of the Silverdale — 
collieries, and in 1902 became one of His Majesty’s inspectors of mines, 
serving in East Scotland and in Staffordshire. In 1904 he went to Trinidad q 
as Government mining engineer, and was largely responsible for the develop- 
ment of the oil industry there. On returning to England he served on the 
Royal Commission on Mines in 1907-8 and resumed his duties as inspector 
of mines. In 1908 he was appointed Professor of Mining at Birmingham 
University, and established its Department of Petroleum Technology. In_ 
1913 he went to Iran as a member of the Admiralty Commission to report 
upon the oilfields before the Government took a financial interest in thes : 
Anglo-Persian Oil Company. During the 1914-18 war he served in the 
chemical section of trench warfare, and was chairman of the Inter-allied 
Petroleum Council, which controlled all oil supplies for the allies. In 
1921 he joined the Anglo-Persian Oil Company as its technical adviser, — 
and became successively a director, deputy chairman, and chairman. He 
was also chairman of the Iraq Petroleum Company, and a member of the 
boards of more than thirty undertakings, including the Suez Canal Com- _ 
pany and the Great Western Railway. He sat on numerous Government _ 


committees, including the Prime Minister’s Economic Advisory Council, — 
the Safety in Mines Research Board, the Fuel Research Board, and the 
Coal Advisory Committee, and his many services were recognized by the 
award of the C.M.G. in 1916, knighthood (K.C.M.G.) in 1918, and G.C.M.G. 
in 1929, whilst in 1937 he was raised to the peerage as Baron Cadman of 
Silverdale. He was a Grand Officier of the Legion of Honour, Pasha (1st 
Class), Transjordan, Knight Commander of the Crown of Italy, and a 
member of the Order of the Rafidain, Class I, Iraq. His academic honours 
included the degrees of LL.D. from Birmingham University, of D.Eng. 
from Melbourne University, and Hon. D.C.L. from Durham University Rj . 
in 1940 he was elected a Fellow of the Royal Society. i 

Lord Cadman was elected a Member of The Institution on the 5th — 
December, 1911, and served on the Council from November 1922, | 
November 1925. He was a Past-President of the Institution of Petroleum 
Technologists, of the Institution of Mining Engineers, and of the Institute 
of Fuel, and a Fellow of the Royal Society of Arts, and had been awarded _ 
the gold medals of the Institutions of Mining Engineers and of Mining and 
Metallurgy, in addition to the Melchett medal of the Institute of Fuel. 

In 1907 he married Lilian, daughter of the late John Harrigan, of 
Trinidad, and had two sons and two daughters. 


COLONEL CECIL LEE HOWARD HUMPHREYS, 0.B.E., T.D., 
was born at Willesden, London, on the 7th September, 1893, and died at 


we 


i 
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Berrins Hill, Ipsden, Oxfordshire, on the 18th July, 1941. He was 
educated at Westminster School and received his engineering training 
under his father, the late Mr. Henry Howard Humphreys, M.Sc., M. Inst. 
- C.E. In August 1914 he proceeded to France with the H.A.C. and 
was later commissioned in the 17th London Rifles, serving on the Western 
front, Salonika, Egypt, and Palestine, and becoming staff captain to his 
brigade. On demobilization he rejoined his father, whom he succeeded as 
senior partner in 1930. The firm were consulting engineers to the Crown 
Agents for the Colonies, to H.M. Postmaster-General, and to many Govern- 
ment departments, local authorities, and Colonial Governments, and he 
was responsible for the design, construction, and supervision of civil 
engineering works of all kinds in Great Britain and in the Colonies, many 
of which he visited in his professional capacity. Meanwhile he had con- 
tinued his service with the Territorial Army, and on the outbreak of war 
in September 1939 he went to France in command of the 2nd Corps 
Signals. After the evacuation from Dunkirk he was awarded the O.B.E. 
“for distinguished services in the field”, and was appointed Chief Signal 
Officer to the 3rd Corps. In December 1940 he was selected as Director 
of Works in the newly-formed Ministry of Works and Buildings, and was 
serving in that capacity at the time of his death. His public life also 
included service as a member of the Westminster City Council. 
Colonel Humphreys was elected an Associate Member of The Institution 
on the 12th December, 1921, was transferred to the class of Member on 
the 8th January, 1929, and served on the Council from November 1939. 
He presented to The Institution two Papers, entilted respectively “‘ The 
Reconstruction of the Chester-Holyhead Road, near Penmaenmawr, 
—_ North Wales” 1, and (in collaboration with Mr. C. Wilson Brown, O.B.E., 
- M.C., M. Inst. C.E.), “The Water-Supply of Kumasi in the Gold Coast 
Colony ” 2, for each of which he was awarded a Telford premium. With his 
brother, Mr. Guy Howard Humphreys, M. Inst. C.E., he was joint author — 
of a book entitled “ The Training of a Civil Engineer ”, and he was a prolific 
contributor to the technical press. 

In 1918 he married Ailsa, elder daughter of the late Sir James Yoxall, 
M.P., and had one daughter. 


1 Journal Inst. C.E., vol. 6 (1936-37), p. 28, June 1937. 
2 Ibid., yol. 11 (1938-39), p. 381, March 1939. 
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CORRIGENDA. 


June, 1941, Journal.—p. 387, line 9 from bottom, and p. 393, line 7. ‘Fo r 
“ the value of w at any given time varies inversely as d2”’, read «. eo 
value of ¢ for any particular value of yw varies directly as d2. » - 

p. 395, line 2 from bottom, and p. 396, footnote 1. For “' ‘6 
Marchant ” read ““ W. Merchant.” a 


p. 404, line 8 from bottom, For “1941” read “ 1914.” 
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No. 8, 1940—41 
OCTOBER, 194] 


MEETINGS, SESSION 1941-42. 


OPENING MEETING. 


The first meeting of the One Hundred and Twenty-Third Session of 
The Institution will take place on Tuesday, 4 November, at 2 p.m., when 
Professor C. E. Inglis, O.B.E., M.A., LL.D., F.R.S., will deliver his 
Presidential Address. 


ORDINARY MEETING. 


Arrangements have been made for the following Papers to be dis- 
cussed on the date shown below :— 


1941. At the Inst. Mech, E. 
Dec. 16 (Tues.) *7‘‘ The Elimination of Locomotive Hammer-Blow ’’, 
(2.30 p.m.) by Sir Harold N. Colam, B.A., M. Inst. C.E., and J. D. Watson, 
B.Sc. (Eng.), Assoc. M. Inst. C.E., 
with 


*++ ‘“Balance of Locomotive Reciprocating Parts’’, by 
E. 8. Cox, M. I. Mech. E. 


(Jointly with the Institution of Mechanical Engineers.) 


JAMES FORREST LECTURE. 


The James Forrest Lecture will be delivered at 2 o’clock on Tuesday, 
13 January, 1942, by Dr. CO. S. Myers, O.B.E., M.A., F.R.S., the subject 
being Psychology as applied to Engineering. . 


. (*Advance proofs, for those who intend to be present at the Meeting, will be 
available about a fortnight before the Meeting, and copies may be obtained on appli- 
' cation to the Secretary, Inst. C.E.) 

+ An abstract of the Paper appears on pp. 12, 13. 
++ An abstract will be printed in the November Journal. 
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SPECIAL ANN OUNCEMENTS. 


MILITARY SERVICE. MINISTRY OF LABOUR. ~ 
SCHEDULE OF RESERVED OCCUPATIONS AND PROTECTED WORK. 


Those Students who received a Certificate from The Secretary of The 
Institution under the entry in the Schedule relating to a “ student engineer- 
ing apprentice or learner—reserved from the age of 18 years ”, permitting 
them to obtain postponement of calling-up for compulsory service with the 
Armed Forces, in order to allow them to sit for Sections A and B of the 
Associate Membership Examination, are reminded that, after they have 
sat for and passed the Examination and their certificates have expired, 
they are entitled to have their cases considered by a University J oint 
Recruiting Board. Particulars of the functions of such Boards can be 
obtained from the Registration Officer at the Local Employment Ex- 
changes where they registered. The Board may recommend that men who 
have ceased to be reserved under the category of “student engineering — 
apprentice or learner ”, by reason of their having passed the Examination — 
concerned, “ should engage in technical service in the Forces or in scientific 

Corporate Members who desire to be considered for Commissions, for 
which there are a limited number of vacancies, in the Royal Marine 


3 
or technical work of a civilian character.” 
Engineers, a Corps engaged on Admiralty works ashore, should at once | 
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ROYAL MARINE ENGINEERS. 


notify the Central Register of the Ministry of Labour and National Service, — 
41, Tothill Street, Westminster, §.W.1, quoting in their letters “Ref. 
E.264.” Applicants should be between about 25 and 45 years of age and — 
have had considerable site experience on actual constructional work— 
preferably on harbour work. The successful candidates will be graded 
according to their experience, either to the rank of Major, Captain or 
Lieutenant, but it should be appreciated that there are very few vacancies 
carrying the rank of Major. : 


MINISTRY OF WORKS AND BUILDINGS. 
EXPERT COMMITTEE ON COMPENSATION AND BETTERMENT. 


The undermentioned memorandum was submitted on behalf of The 
Institution in response to an invitation from the Expert Committee on 
Compensation and Betterment (Mr. Justice Uthwatt, Chairman) for an 
expression of The Institution’s views on the wider aspects of the Com- 
mittee’s enquiry and, in particular, on the following specific matters:— __ 


(1) The scheme for the acquisition by the State of the development 
rights in undeveloped land set out in paragraphs 251-256 


[3] 
of the Report of the Royal Commission on the Distribution of 
the Industrial Population (1940). 

(2) The general scheme of public control and acquisition of land in 
its relation particularly to the question of compensation, both 
as regards purchase price of the land acquired and for in- 
jurious affection, etc. In this connexion it was desired that 
consideration should be given to the Lex Adickes and other 
schemes such as set out in paragraphs 257 et seq. of the said 
Report. 

(3) Betterment and its recovery : 

(a) as regards developed land, 
(6) as regards undeveloped land. Z 
As regards undeveloped land, views were invited on the alter- 
native hypotheses that the scheme referred to at (1) above 
was regarded 
(i) as acceptable, with or without modifications, or 
(ii) as unacceptable. 

(4) Except in so far as otherwise-covered, the alterations necessary 
or desirable in the existing law and machinery in regard to 
town and country planning and the public control and 
acquisition of land in relation thereto and for other statutory 


purposes. 


Copy of memorandum submitted by The Institution of Civil Engineers 
F (29 May, 1941). 


1. In response to the invitation of the Secretary of the Expert Com- 
mittee contained in his letter of 31st March, 1941, The Institution of Civil 
_ Engineers have set down their observations on the wider aspects of the 
_ matters now being examined by the Expert Committee on Compensation 
and Betterment. In advancing their views, The Institution desire to 
point out that the questions of compensation and betterment are primarily 
- matters of finance. The Institution cannot claim to speak with authority 
on matters involving technical problems of land values. The opinions 
expressed hereunder must be regarded as dictated from the economic 
‘rather than the financial consideration of the subject. 
2. It is desired to emphasize that Engineers, by training and experience, 
_ are essentially interested in town and country planning and the redevelop- 
ment of built-up areas, and that the economic aspect of industrial, civic and 
residential zoning lies within their province in view of the influence which 
_ the provision of public services may have on the treatment of the problem 
_ whether considered nationally or locally. Such questions as water supply, 
" sewerage and sewage disposal, and drainage, as well as the larger problems 
of highway, railway, water, and air transport, are matters on which the 
_ Engineer. and perhaps only the Engineer, is qualified to advise. This 


~ 


4] 
applies to all development projects, but with particular emphasis to pro- 
jects of redevelopment in settling the layout of the areas in question and 
the relation of width of highway to height of buildings and cognate pro- 
blems. Consequently it should be an important part of any administrative 
machinery which may be created that the authority which is to be entrusted — 
with dealing with development should have engineering advice at a very 
early stage of the consideration of national and local zoning. It is con- 
sidered that this has an important bearing on the economic aspect of plan- 
ning and development and consequently on the general questions of 
acquisition and compensation, because it is hardly too much to say that 
in the absence of expert advice at the early stages the cost of providing the 
necessary services may well prove to be so disproportionate as to make the 
proposed planning an uneconomic proposition. 

3. The scheme for the acquisition by the State of the development 
rights in undeveloped land set out in paragraphs 251 to 256 of the Report 
of the Royal Commission on the Distribution of the Industrial Population 
demands careful examination. The principal advantages in the public 
interest which might be expected to flow from the adoption of this scheme 
would be that the State would exercise control over the growth of large 
towns and the siting of new centres of industry, and secure the increment 
in values of the land not already developed. Under this scheme the 
creation of artificially-inflated values inuring without effort to the benefit 
of individuals should be avoided. It is possible that the adoption of the 
proposal would go a long way towards the solution of a problem which has 
hitherto presented great difficulties, viz. the assessment of betterment in 
monetary terms. Up to the present the principle involved in’ the theory _ 
of betterment has been applied more often than not as a set-off in assessing 
compensation to owners whose property has to be acquired, rather than 
as a contribution due from them to the community in recognition of an 
increment in the value of their property consequent upon public enterprise. 

4. The section of the Royal Commission’s Report now under review 
is directed to the acquisition by the State of development rights in wn- 
developed land. It is considered that the field of examination by the Expert 
Committee might with advantage be extended to include the application 
of the same principle to developed or built-up areas, whether by purchase 
or by State regulation. The Institution incline to the view that the 
redevelopment of such areas might well be undertaken in part by the 
acquisition of development rights by the State, and in part by the appli- 
cation of the Lex Adickes or some similar method of pooling and redistri- 
buting ownership, as may be found most suitable in the circumstances of 
each case. 

5. The Institution desire to emphasize the advantages which they are 
confident would be derived from the appointment of an overruling national 
authority to control all projects of development both in rural and in urban 
areas. The scope of the duties of such a body would include, not only 
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those which would devolve on the “ National Development Board ” 
envisaged in paragraph 251 of the Royal Commission’s Report, but also 
the more immediate task of the redevelopment of devastated areas. The 
Authority would be called upon to consider, not so much the restoration 
of damaged property, but its replacement with structures in conformity 
with present social, industrial and hygienic requirements. Reconstruction 
of devastated areas affords an opportunity to develop on a national rather 
than on a local and merely parochial basis the re-siting of industry and the 
housing of the population. 

6. It is considered further that there should be vested in the Authority 
referred to in the last paragraph, power to define what areas, particularly 
in regions devastated by enemy action, should be redeveloped as a whole. 
The Authority’s duties should extend to all questions of town and country 
planning, the initiation and administration of regulations governing ribbon 
development, and similar restrictions of building operations. The view 
is held that, if the Authority were given powers sufficiently wide in the 
directions indicated, it would greatly simplify the processes that have to 
be gone through when undertaking building on a large scale, and therefore 
make for rapidity in execution. 

7. The Royal’ Commission in their Report point out that there is an 
analogy between the acquisition of development rights over the whole 
country as a single operation and the acquisition of coal royalties under 
the Coal Mines Act, 1938. It is suggested that an even closer analogy to 
the process outlined in the Report may be found in the working of the 
Land Acquisition Act in India. Under that Act when land is required for 
a public purpose the Governor General in Council issues a notification in 
the Gazette of India declaring that the land in question, with the location 
and boundaries specified, is to be acquired. The value (or compensation) 
is fixed by a Special Land Acquisition Court, which is available to be set 
up in any District where land is being acquired, and the Court assesses the 
value as at the date of the notification and on the basis of the user at that 
date. Evidence of value is heard, but no consideration is paid to hypo- 
thetical benefits likely to accrue to owners from possible future develop- 
ments. Similarly no claims are entertained from owners whose land, 
- outside the acquired area, may be worsened in value by the transfer of 
adjoining properties. Acquisition by this method results in the State, 
or the acquiring Authority, becoming the beneficiary of any increased 
values due to development. 

8. Under any system of development and redevelopment, it is regarded 
as essential that the Development Authority should be put in a position 
to plan its operations over a period of years on a secure financial basis by 
raising loans from time to time, the interest and sinking fund on which 
would be met eventually from the increased revenue earned from the 

_ developed land and from such State contribution as may be found necessary. 


_ It is felt that the financial implications of development should be removed 
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altogether from dependence on local authorities’ rates and even from the 
uncertainties attaching to annual budgetary proposals. A useful precedent — 
may be afforded by the framework within which the Electricity Com- 
missioners carry out their functions. 


GENERAL ANNOUNCEMENTS, 


AWARDS FOR PAPERS... 


The following additional award has been made by the Council for a 
Paper read and discussed at an Ordinary Meeting in Session 1940—41 :— 


A Telford Premium to :— 


T. J. Gurritte, B.Sc., for his Paper on “‘ Further Data concerning Pre-stressed 
Contrete: Comparison between Calculated Stresses and Stresses registered during 
Test.” 


The undermentioned awards have been made for Papers published 
(without oral discussion) in Session 1940-41 :— 


- Telford Premiums to :— 


Lt.-Col. R. A. BaGnoxp, M.A., for his Paper on ‘‘ Beach Formation by Waves: 
Some Model-Experiments in a Wave Tank.” 
A. M. Brynig, M.A., Assoc. M. Inst. C.E., and R. K. Wriaut, B.A., B.Sc., jointly 
for their Paper on “‘ Laboratory Experiments on Bellmouth Spillways.” — | 
A. J. Ocxixston, Ph.D., B.E., Assoc. M. Inst. C.E., for his Paper on “‘ The Effect 
of Earthquakes on Framed Buildings.” 

8. C. Brirron, M.A., for his Paper on ‘“‘ Some Corrosion Tests in a Railway Tunnel.” 

A. H. D. Marxwiox, M.Sc., Assoc. M. Inst. C.E., and H. J. H. Srarxs, B.Sc., _ 
Ph.D., jointly for their Paper on ‘‘ Stresses Between Tire and Road.” 

L. F. Cootrne, M.Sc., and A. W. Sxempron, M.Sc., Assoc. M. Inst. C.E., jointly 
for their Paper on “‘ Some Experiments on the Consolidation of Clay.” 

F. M. G, Du-Plat-Taylor, M. Inst. C.E., for his Paper on ‘‘ The Prevention of Coast 
Erosion.” 

J. 8. Buarr, B.Sc., A.M.I.Mech.E., for his Paper on ‘“‘ Characteristics of Fire Jets.” 

G. M. Bryniz, M.A., Assoc. M. Inst. C.E., and J. A. Pricn, B.A., Stud. Inst. C.E., 
jointly for their Paper on ‘‘ An Apparatus for Measuring the Lateral Pressure of Clay 
- Samples under a Vertical Load.” ; : 


W. M. Gairrirn, Assoc. M. Inst. C.E., for his Paper on “ Discharge by Surfats 
Floats.”’ 
Jack Attzn, D.Sc., and J. L. Marneson, M.Sc., Assoc. MM. Inst. C.E., jointly 


for their Paper on ‘‘ An Experimental Investigation of the Propagation of Tides in 
Parallel and in Convergent Channels.’ 


INGENUITY COMPETITION. 
The* Council have, after consideration of the eighteen entries received 
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for the recent competition, decided to divide the prize of twenty-five 
guineas between 
L. B. Escritt, Associate Member, for his Paper entitled ‘The 
Sanitation of Tube Railway Stations used for Air Raid 
Shelter ’’, 
and 
S. V. Gardner, Associate Member, for his Paper on “ Repair 
Work to Damaged Pumping Station.” 
The two articles will be published in a subsequent Number of the Journal, 
and some of the other entries may also be published later on. 

Owing to the success of the competition, the Council have decided to 
hold another on similar lines, as follows :— 

Papers are invited from Corporate Members and Students in competi- 
tion for a Prize of Twenty-five Guineas to be awarded by the Council for a 
description of an engineering problem and the method adopted to solve it. 

The article should not exceed 2,000 words, and must describe a specific 
problem involving immediate action and ingenuity displayed in meeting it. 
The problem must have arisen in the competitor’s own experience, and the 
action taken must have been to some extent—not necessarily wholly—his 
own idea. These facts must be vouched for in a satisfactory manner. 

The Papers should reach the Institution by the 30th April, 1942, with 
the MS. marked “ Ingenuity ” Competition in the top left-hand corner of 
the first page. 

The Council reserve the right to publish the winning entry, or any other 
selected entries, and should such entries relate to engineering problems 
_ arising out of the war, The Institution would submit them to the Censor 

for permission to publish. 


_ BAYLISS PRIZE. 

On the results of the April, 1941, Associate Membership Examination 
(Sections A and B) at home and abroad, the Council find that, under the 
conditions of the award, Jack Beetham, of Burnley, an approved candidate 
for election, gains the Bayliss Prize of £15 in respect of this Examination. 


HONOURS. 
The Council have much pleasure in congratulating the Jollowang 
members on the Distinctions conferred ee them :— 


Military Cross :— 


er, Claude Worthington, B.Sc. (Captain R.A.). 


BIRTHDAY HONOURS, 12 JUNE, 1941. 
Knight Bachelor :— 
Mrronery, Kenneth Grant, C.1.E. Member, 
Anewtn, Arthur Stanley, D.8.0., M.C., B.Sc. Associate Member. 
-“Witson, Leonard, B.Eng. Associate Member. 


~ 
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Order of the Bath :— 
C.B. tT 
Wuiraker, Frederick Arthur, M.Eng. Member. 
Order of St. Michael and St. George :— : 
K.C.M.G. ‘ | 
Git, Frank, O.B.E. Member. | 
Order of the British Empire :— ; 
C.B.E. ft 
Lyppon, Alfred Jonathan, O.B.E. Member. §| 
TupssBery, Marmaduke Tudsbery Member. 
Goon, Percy Associate Member. | 
O.B.E. (Civil Division). 
Hawks ey, Joseph, B.Sc. Member. 
Kynnerstey, Thomas Ralph Sneyd, M.C. Member. 
Wi0cocgs, Harold, B.Sc. Associate Member. 
M.B.E. 
OLDFIELD, Jack Vickerman. Associate Member. 
Parrrson, Joseph Barr, B.Sc. Associate Member. 
Order of the Indian Empire :— 
C.1.E. 
Duan, Arthur William Henry, M.C., B.Sc. Member. 
Kirxratrick, William, B.A., B.E. Member. 
Kaisar-i-Hind Gold Medal :— } 
Maoxenzixz, Roderick Henry Turing. Associate Member. 


THE JOURNAL, 


The next Number of the Journal will be published on the 15th 
November. = | 
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a INDEX TO JOURNAL. 7: 


A combined Subject-and-Name Index has hitherto been printed with 
the October Number of the Journal. In view, however, of the present 
position in regard to paper, it has been decided to discontinue this practice _ 
and to send copies of the Index to those members who pay for binding 
cases or for complete binding. A limited edition of the Index will, however, 
_ be printed for those members who do not pay a binding fee, and copies 

may be obtained upon application to the Secretary. 


BINDING-CASES FOR THE JOURNAL. | 
It is hoped that the two binding-cases for the eight Numbers of the — | 
Journal (November, 1940 to October, 1941) for Session 1940-41 will be 


available soon after the issue of this Number, and the Institution printers, 
Messrs. Wm. Clowes & Sons, Ltd., will forward them to those members 
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who remitted the charge with their annual subscriptions. The eight 
Numbers for the past Session should be bound as follows :—November, 
December, January and February (Volume 15); March, April, June, and 
October (Volume 16). Members who have paid for complete binding by 
the Institution printers should now send these eight Numbers to Messrs. 
Wm. Clowes & Sons, Ltd., Beccles, Suffolk. 

No orders, other than the above, should be sent by post as they can- 
not be carried out owing to a shortage of boards. 


The attention of members is drawn to the fact that the Institution 
printers will be unable to execute binding orders or supply cases after the 
year ending with the issue of the October, 1941 Journal. In these cir- 


- cumstances, those members who normally pay a binding fee will dis- 


continue to do so for the subscription year commencing | January; 1942. 
Bankers’ orders covering subscriptions to The Institution should be 
amended accordingly. 


MINISTRY OF HOME SECURITY, RESEARCH AND 
EXPERIMENTS BRANCH. . 


In addition to the Bulletins previously mentioned in the Journal, 


copies of the following are now available to members, by permission of the 


Ministry of Home Security,- upon application to The Secretary of The 
Institution. Application should be made by post card, quoting the Bulletin 
No. given in the left-hand column :— 


Bulletin No. C. 17—Luminescent Materials and Their Wartime Uses. 

C. 18—Recent Developments in Protective Wall Design for Factories. 
C. 19—Welding for the Repair of Steel Framed Shed Buildings and 
for Strengthening their Resistance to Air Attack. 

C. 20—The Construction of Reinforced Brick Walls for Surface 

Shelters and Similar Protective Buildings. 
C. 21—Wooden Indoor (Anti-Debris) Table Shelter. 


” 
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THE INSTITUTION ROLL. 
The Roll of The Institution on the 14th June, 1941, stood as follows :— 


Honorary Members. . . «© - + » = «© » « 16 
Mem bersteta sme nae se se ut eo Gl en Ge 2,28 
ncocinte Members ts |e ere el sy ee ee eT 82E 
Associates Ae = is 6 nk, eo Wea 48 
Students ee et or A nit a at POsOO!, 

GUN Ge SU so Sea ees Selena uemenane! 878 


TRANSFERS, ELECTIONS AND ADMISSIONS. 
Since the 27th May, 1941, the Council have transferred six Associate 


_ Members to the class of Members, and have admitted eighty Students. 
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DEATHS AND RESIGNATIONS, 


The Council have received, with regret, intimation of the following 
deaths and resignations :— 


DEATHS. 

Brown, Edward Otto Forster. (E. 1924.) Member. 
Capman, The Rt. Hon. Lord, G.C.M.G., D.Sc. (E. 1911.) (former Member of Council.) 
CasuH, Joseph. (E. 1872. T. 1891.) Member. 
*Evans, Frank Dudley, C.B.E. (E. 1908. T. 1927.) see 
FEARFIELD, Joseph, C.LE., B.A. (E. 1909. T. 1928.) ” 
Grirritus, André Pierre, B.Sc. (E. 1893. T. 1905.) 3 
Houmenreys, Cecil Lee Howard, O.B.E., T.D. (E. 1921. Member of Council. 

T. 1929.) 

Manppen, Henry Dacre. (E. 1923.) é Member. 
Manserex, Walter Leahy. (E. 1897. T. 1908.) % 
MitiEr, Thomas Lodwick, 0.B.E. (E. 1885. T. 1899.) A 
MitroHett, Charles Hamilton, C.B., C.M.G., D.S.O., B.A.Se. 

(E. 1906. T. 1912.) baal 
RepmonpD, Lionel Godfrey. (E. 1921.) a 
RENDELL, Alan Wood, V.D. (E. 1888.) a 
SanpDBeERG, Christer Peter, C.B.E. (E. 1902. T. 1918.) a 
*TuRNER, Frank Eardley. (E. 1928. T. 1937.) ‘- 
Barnes, Leslie Holding. (E. 1914.) Associate Member. 


Cacor, Julian Edward. (E. 1892.) 

Datat, Gohul Kilabhai. (E. 1915.) 

Dawson, George Herbert Wrigley, M.A. (E. 1905.) 
Dopexon, Arthur. (E. 1908.) 
*Gooon, Iyor Ellis. (E. 1929.) 

Hznperson, Christopher Basil Hume. (E. 1935.) 
LooxHart, Harold Edward. (E. 1886.) 

*PrioE, John Rosslyn Rhedynog, B.Sc. (E. 1937.) 
Scorr, Ernest Kilburn. (E. 1899.) 

Tarr, Farquhar. (E. 1913.) 

Trirritt, John, (E. 1894.) 

Maoxenzin, Lachlan Paterson. (E. 1910.) Associate. 
*Nutrat, Sir Edmund Keith, Bart. (E. 1932.) 
Reparave, Gilbert Richard. (E. 1872.) 

Ausop, Alfred Donald. (A. 1939.) Student. 
*BARNARD, Harold Ivor. (A. 1937.) 

*Coats, William Joseph. (A. 1937.) 

*Dent, Norman William. (A. 1939.) 
*GrirritH, Alban Gladstone, B.A. (A. 1937.) 
Mayo, John. (A. 1941.) 
-*Mxpp, Richard George. (A. 1937.) 


1 RESIGNATIONS. 
Wate, Alfred John, (E. 1929.) Associate Member. 
Hernperson, Aeneas Alexander. (A. 1939.) Student. — 
Loaspon, Norman Ragnar. (A. 1938.) 
Puaon, Frank William. (A. 1932.) 
RutHeRForD, Alexander Henderson. (A. 1939.) 
Suvma, Sudhir Kumar. (A. 1939.) 


* On active service, 
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SELECTIVE LIST OF RECENT ADDITIONS TO THE LIBRARY. 
[Journals, Proceedings of Societies, etc., are not included.] 
Azronavtios. Brown,F.G. “ Air Navigation.” 1941. Chapmanand Hall. 32s. 
Arr DEFENCE. GLoverR, C. W. “ Civil Defence.’? 3rd ed. 1941. Chapman and 


Hall. 42s. 

Bripcres. AMERICAN ASSOCIATION oF State HicHway Orricrats. ‘ Standard 
Specifications for Highway Bridges.” 1941. The Assoc., Washington, D.C., 
10s. 6d. 


Bumpine. Waranp, E. G. “ Building Construction.” Vol. 3. 1940. English 
Universities Press. 7s. 6d. 


CorFeRDAMS. WuttTsH, L., and Prentis, E. A. ‘“ Cofferdams.’”? 1940. Columbia 
University Press. 37s. 6d. 

ENGINEERING. O’RourkKz, C. E., Hd. “General Engineering Handbook.” 2nd ed. 
1940. McGraw-Hill. 


ENGINEERING Equipment. ACKERMAN, A. J., and Locumr, C. H. “ Construction 
Planning and Plant.”’ 1940. McGraw-Hill. 28s. 

Fire anp Fire Prevention. InstituTion or Frre Enornerers. “ Chemical Fires 
and Chemicals at Fires.” 3rded. 1941. TheInst. 3s. 6d. 

Hovsine. Royat Instirvre or Brirish Arcurrects. “ Industrial Housing in 


Wartime.” 1940. R.LB.A. 2s. 

Land Drartnacz. Pickers, G. W. “ Drainage and Flood Control Engineering.” 
2nd ed. 1941. McGraw-Hill. 24s. 

Macuine Suors. Mitunr, J.L. “ Modern Assembly Processes.” 1941. Chapman 
and Hall. 13s. 6d. 

- Meonanics. Morury, A. “ Mechanics for Engineers.” 6thed. 1941. Longmans. 
10s. 6d. ; 

Merats. Hinman, C. W. “ Pressworking of Metals.’ 1941. McGraw-Hill. 28s. 

-—— Twyman, F. “Spectrochemical Analysis of Metals and Alloys.’ 1941. 


Griffin. 21s. 
Navication. Weems, P.V.H. “ Marine Navigation.” 1941. Chapman and Hall. 
30s. | 


Ou Encrnzs. Wrx1ams, D. 8. D., and Surrs, J. M. “Oil Engine Manual.” 2nd 
ed. 1941. English Universities Press. 7s. 6d. 
“Permeanmity. Barrer, R. M. “ Diffusion through Solids.” 1941. Cambridge 
University Press. 30s. 
- PxotomicrocRaPHy. Jackson, A. ‘‘ Amateur Photomicrography.” 1940. Focal 
3 Press. 7s. 6d. 
Puysics. Wuitr, H. E. ‘Classical and Modern Physics.” 1940. Chapman and 
2 Hall. 21s. 
- PowzER AND PowER TRANSMISSION. Rissix,H. ‘“* Power System Interconnections.” 
— ~—-1940. Pitman. 25s. h 
¢ Powsr Stations. Carr, T.H. “ Electric Power Stations.” Vol.2. 1941. Chap- 
3g man and Hall. 32s. ‘ 
_—— Lovett, A. H. “Generating Stations.” 3rd_ ed. 1941. McGraw-Hill. 
278. 
=P ‘Quantum Mzecuanics. GurNny, R. W. “ Elementary Quantum Mechanics.” 2nd 
f ed. 1940. Cambridge University Press. 8s. 6d. 
| Scrence. Srvemr, C. “A Short History of Science to the 19th Century.” 1941. 
Clarendon Press. 8s. 6d. 


[12] > ae 

Som Mxcuanros. Boston Soorety or Crvit ENGINEERS. “Contributions to Soil 
Mechanics, 1925-1940.” 1940. The Society. 98. 3d. : 

Som Puysics. Bavzr, L.D. “Soil Physics.” 1940. Chapman and Hall. 248. 


Sratistios. Riper, P. R. “ Introduction to Modern Statistical Methods.” 1939. 


Chapman and Hall. 16s. 6d. ; 
Srraucrures. Urquuart, L. C., and O’Rourkg, C. E. “‘ Blementary Structural q 
Engineering.” 1941. McGra-KHill. 18s. 
Town AND AREA Puanninc. MoAuisrer,G.andE. “Town and Country Planning.” 
1941. Faber. 12s. 6d. 
Warur Suprty. TuRNEAURE, F. E., and RussELL, H.L. ‘ Public Water Supplies.” 
4th ed. 1940. Chapman and Hall. 36s. ~ : 
Warrrways. Witson, W. E. “Inland Waterways of Great Britain.” 1939. 
Imray, Laurie. 8s. 6d. 


ABSTRACTS OF PAPERS FOR DISCUSSION. 


The following Papers will be brought forward for discussion on the 
date indicated in the margin of the abstracts, and will be published, with 
reports of the oral and written discussions upon them, in the Journal. 
Members desiring to take part in the consideration of the Papers should _ 
apply forthwith for advance copies, which will be forwarded as soon as 
they are ready. Applications for proofs should be made on postcards, § 
quoting the numbers of the Papers. 

A period of about 3 months from the date of publication of the Papers 
in the Journal is generally allowed for written communications, which 
should be :— 

(a) As concise as possible, entirely relevant to the subject-matter of 
the Paper, and consist of not more than 1,000 words ; 
(b) Written legibly or typed with the lines openly spaced. 


Paper No, 5243. 


“The Elimination of Locomotive Hammer-blow.’’ 


By Sir Harotp NucEent Coram, B.A., M. Inst. C.E., 
and 
Joun Dovetas Watson, B.Sc. (Eng.), Assoc. M. Inst. C.E. 


Abstract. 


Tue Authors contend that in modern locomotives, at all events, “ over- 
balance ” is unnecessary, supporting their argument by observations and 
experimental work in India extending over a period of 13 years. ia 
The Paper refers to experimental work carried out on the Madras and 
Southern Mahratta Railway and also trial runs with the Hallade instru- 
ment. a 
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The Chief Mechanical Engineer who maintains these locomotive 
reported that the actual practical effect of rebalancing an RO engine on 
wear and tear appears to be entirely negligible. This observation is 
supported by theoretical arguments developed by the Authors. A section 
of the Paper describes experiments made to establish the expected con- 
clusion that RO locomotives actually cause less stress in bridges than 
normal locomotives. Reproductions of deflexion and stress records are 
included. 

The Authors, who are civil engineers, consider that a prima facie case 

_ for abolishing overbalance has been made out; and they are of opinion 
that if locomotive engineers wish to continue this practice, they should 
prove its necessity. 


« Balance of Locomotive Reciprocating Parts.’’ 


By Ernest Stewart Cox, M.I. Mech. E. 


The Paper is divided into two parts, the first of which covers modern 
locomotive practice since the British Bridge Stress Committee Report of 
1928 as it affects vertical hammer-blow on the rails. The second part 
deals with the horizontal effect of unbalanced reciprocating masses on 
the locomotive itself and examines the proportion of these masses which 
it is necessary to balance under various circumstances. 


_ DEPARTMENT OF SCIENTIFIC AND INDUSTRIAL 


RESEARCH. 


Standard Designs for Single Storey Factories for War Industries. 


Wartime Building Bulletin No. 15* issued by the Building Research 
- Station of the Department of Scientific and Industrial Research, brings 
_ up to date and extends the information given in earlier Bulletins on the 
_ design of wartime factories. The modifications of earlier designs are put 
forward mainly as a result of experience of air raids. The Bulletin is 
divided into two parts. 

z Part I, which is a review of standard factory types, has been written 
in consultation with the Ministry of Works and Buildings, Ministry of 
- Home Security, Iron and Steel Control, and representatives of the Con- 
 structional Steelwork Industry. The revised designs should be highly 


j _ * Wartime Building Bulletin No. 15—“ Standard Designs for Single Storey Factories 
for War Industries, with notes on Siting and Layout.” H.M. Stationery Office, 


price 1s. 


Date c 
Discussi 
16/12/4 


ie i 
resistant to demolition by bombing. They are intended for use, during 
the war, without roof glazing, but provision is made for the addition of | J 
glazing after the war, or during the war if need be; daylighting curves 
are given. Two new types are introduced. One uses a range of rolled 
steel sections which may assist towards a better distribution of the demand 
on steel mills, and the other is a design developed by the Ministry of 
Aircraft Production. 

Several of the designs are completely interchangeable so that factories 
can be planned to an advanced stage pending a decision on the exact type 
of structure most suitable for the work at the time when construction is 
started. 

Two types provide protection against incendiary attack and these are 
to be preferred wherever the occupancy of the building involves an appreci- 
able fire hazard. Notes on fire protection are given and a list of occupancies 
presenting a serious fire hazard is given in Appendix I. Detail drawings 
of the types can be obtained on demand, and a list of the drawings available 
is given. 

A general discussion in Part II on how to conceal factories by camou- 
flage, and how to make them less vulnerable, shows that these problems 
are complementary. Some of the information on camouflage has been 
published before, but it has not previously been shown how siting and 
arrangement can make factories less vulnerable. 

A solid block of regularly shaped and arranged buildings is very vulner- __ 
able and difficult to conceal, and a hollow plan is only slightly better. 
The best lay-out is one where the buildings are arranged along a curved 
line. Random distribution of groups of factories making the same products _ 
does not necessarily secure the greatest protection, and sometimes it is — 
better that interconnexion between production lines for one type of product 
should be possible. This “lattice principle” can be combined with 
camouflage, and several examples are given in the Bulletin for factories of ~ 
10,000-80,000 square feet. On application to the Building Research 
Station, an analysis of the vulnerability of any vital project can be 
arranged. 


